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CDK INHIBITORS

STATEMENT OF RELATED APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 13/869,594 filed Apr. 24, 2013, which is a
continuation of International Application No. PCT/US2011/
057749 filed Oct. 25, 2011, which is related to and claims the
benefit of provisional U.S. Application No. 61/406,498 filed
Oct. 25, 2010. The entirety of each of these applications is
hereby incorporated by reference for all purposes.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] This invention was made with government support
under Grant No. SR44A1084284 awarded by the National
Institutes of Allergy and Infectious Disease. The government
has certain rights in the invention.

FIELD OF THE INVENTION

[0003] Theinvention relates to compounds useful for inhib-
iting cyclin-dependent kinase (“CDK”).

BACKGROUND

[0004] Cancer continues to be a challenge for modern
medicine. Ata basic level, cancer occurs when there is uncon-
trollable cell division. The uncontrollable cell division is an
effect of a break down in the natural life cycle of cells. CDK
is a family of kinases involved in the cell life cycle. Abnor-
mally high CDK activity is one characteristic of several can-
cers. There are naturally occurring CDK-inhibiting proteins
and the abnormally high CDK activity maybe due to a mal-
function of the naturally occurring CDK inhibitors or due to
an overabundance of CDK. CDK inhibitors are known in the
art but there remains a need for additional CDK inhibitors.

SUMMARY

[0005]
1T or III:

The invention is directed to compounds of formula I,
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wherein R, R', R%, RS, R®, X, X', X", Z and y are as defined
herein and to pharmaceutically acceptable salts thereof.
[0006] The disclosed compounds are useful as CDK inhibi-
tors and could be useful in the treatment of diseases and
disorders mediated by CDK such as cancer. Pharmaceutical
compositions comprising the compounds and pharmaceuti-
cally acceptable salts of the compounds are also disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIGS. 1-3 illustrate embodiments of R* of the com-
pounds of the invention.

[0008] FIGS. 4-8 illustrate embodiments of the core struc-
ture of the compounds of the invention.

DETAILED DESCRIPTION

[0009] Inone embodiment, compounds of formula I and II
are provided:

R2
X
?// \\X N RS
——
RG/ \/( %ﬁ 1
NN\ (R,
H
\
Z—N
\
R
I
R2
.4
X”/ ~AX’ RS

wherein:

Z is —(CH,),— whereinx is 1, 2, 3 or 4 or —O—(CH,,),—
wherein z is 2, 3 or 4;

each X is independently CH or N;

each X' is independently, CH or N;

X" is CH,, S or NH;

[0010] each of R and R® are independently H, C,-C, alkyl
or haloalkyl;
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each R is independently aryl, alkyl, cycloalkyl or haloalkyl,
wherein each of said alkyl, cycloalkyl and haloalkyl groups
optionally includes O or N heteroatoms in place of a carbon in
the chain and two R'’s on adjacent ring atoms or on the same
ring atom together with the ring atom(s) to which they are
attached optionally form a 3-8-membered cycle;
yis0,1,2,3 or4;

R? is -(alkylene), -heterocyclo, -(alkylene), -heteroaryl,
-(alkylene), -NR?R* -(alkylene), -C(O)—NR’R*; -(alky-
lene),,-C(0)—O-alkyl; -(alkylene),,-O—R>, -(alkylene),, -S
(0),—R>, or -(alkylene) ,-S(0),—NR*R* any of which may
be optionally independently substituted with one or more R*
groups as allowed by valance, and wherein two

R* groups bound to the same or adjacent atom may optionally
combine to form a ring and whereinm is O or 1 andnis O, 1
or 2;

R? and R* at each occurrence are independently:

[0011] (i) hydrogen or

[0012] (i) alkyl, cycloalkyl, heterocyclo, aryl, het-
eroaryl, cycloalkylalkyl, heterocycloalkyl, arylalkyl, or
heteroarylalkyl any of which may be optionally inde-
pendently substituted with one or more R* groups as
allowed by valance, and wherein two R* groups bound to
the same or adjacent atom may optionally combine to
form aring; or R* and R* together with the nitrogen atom
to which they are attached may combine to form a het-
erocyclo ring optionally independently substituted with
one or more R* groups as allowed by valance, and
wherein two R* groups bound to the same or adjacent
atom may optionally combine to form a ring;

R? and R>* at each occurrence is:

[0013] (i) hydrogen or

[0014] (i1) alkyl, alkenyl, alkynyl, cycloalkyl, heterocy-
clo, aryl, heteroaryl, cycloalkylalkyl, heterocycloalkyl,
arylalkyl, or heteroarylalkyl any of which may be
optionally independently substituted with one or more
R™ groups as allowed by valance;

R™ at each occurrence is independently, halo, cyano, nitro,
oxo, alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalk-
enyl, heterocyclo, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl, heterocycloalkyl, -(alkylene), -OR?>, -(alky-
lene),,-O-alkylene-OR>, -(alkylene), -S(0),—R>, -(alky-
lene),,-NR*R*, -(alkylene),-CN, -(alkylene),-C(O)—R>,
-(alkylene), -C(S)—R>, -(alkylene), -C(O)—OR?>, -(alky-
lene),,-O—C(0)—R?, -(alkylene),,-C(S)—OR?, -(alkylene)
~C(O)-(alkylene) -NR?R*,  -(alkylene), -C(S)—NR>R*,
-(alkylene), -N(R*)—C(O)—NR>R*, -(alkylene),,-N(R>)—
C(S)—NR’R*, -(alkylene), -N(R*)—C(0)—R?>, -(alkylene)
~NR)—C(S)—R>, -(alkylene), -O—C(0)—NR’R?,
-(alkylene), -O—C(S)—NRR?, -(alkylene),,-SO,—
NR?R*, -(alkylene),-N(R*)—S0,—R>, -(alkylene),-N
(R*)—S0O,—NR’R*,  -(alkylene),-N(R*)—C(0)—OR")
-(alkylene), -N(R?)—C(S)—OR?>, or -(alkylene), -N(R>)—
SO,—R?’; wherein:

[0015] said alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, heterocyclo, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl, and heterocycloalkyl
groups may be further independently substituted with
one or more -(alkylene),-CN, -(alkylene),-OR’*,
-(alkylene),, -S(0),—R>*, -(alkylene), -NR>*R**,
-(alkylene),, -C(O)—R’*, -(alkylene),, -C(=S)R>*,
-(alkylene),, -C(=0)OR’*, -(alkylene), -OC(=0)R>*,
-(alkylene),, -C(S)—OR>*, -(alkylene),,-C(O)—
NR**R**, -(alkylene),,-C(S)—NR>*R**, -(alkylene), -
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NR?**)—C(0)—NR>**R**, _(alkylene),,-N(R**)—C
(S)—NR**R** (alkylene),,-N(R>*)—C(O)—R>*,
-(alkylene),, -N(R>**)—C(S)—R’*, -(alkylene),,-O—C
(O)—NR>*R** (alkylene),,-O—C(S)—NR>*R**,
-(alkylene),, -SO,—NR>*R** -(alkylene), -N(R>*)—
SO,—R>*,  -(alkylene) -N(R**)—SO,—NR>*R**,
-(alkylene),, -N(R>**)—C(0)—OR>*,  -(alkylene),,-N
(R**)—C(S)—OR>*, or -(alkylene),,-N(R**)—S0,—
Ro*

[0016] nisO,1or2,and

[0017] misOorl;
R>* and R** at each occurrence are independently:
[0018] (i) hydrogen or
[0019] (ii) alkyl, alkenyl, alkynyl cycloalkyl, heterocy-

clo, aryl, heteroaryl, cycloalkylalkyl, heterocycloalkyl,
arylalkyl, or heteroarylalkyl any of which may be
optionally independently substituted with one or more
R groups as allowed by valance; or R** and R**
together with the nitrogen atom to which they are
attached may combine to form a heterocyclo ring
optionally independently substituted with one or more
R™ groups as allowed by valance; and

R®is H or lower alkyl,

or a pharmaceutically acceptable salt thereof.

[0020] In some aspects, the compound is of formula I or

formula Ii and RS is absent.

[0021] In some aspects, the compound is of formula II1:

and the variables are as defined for compounds of formulae I
and II and pharmaceutically acceptable salts thereof.

[0022] Insome aspects, R is not further substituted.
[0023] In some aspects, R* is -(alkylene), -heterocyclo,
-(alkylene), -heteroaryl, -(alkylene), -NR>R*, -(alkylene), -
C(O)—NR’R*; -(alkylene),,-O—R’, -(alkylene),,-S(O),—
R, or -(alkylene),-S(0),—NR>R* any of which may be
optionally independently substituted with one or more R*
groups as allowed by valance, and wherein two R™ groups
bound to the same or adjacent atom may optionally combine
to form a ring and whereinm is Oor 1 and nis 0, 1 or 2.

[0024] Insome aspects, R® is hydrogen or C,-C, alkyl.
[0025] Insome aspects, R is hydrogen or C,-C; alkyl.
[0026] In some aspects, R is -(alkylene), -heterocyclo,

-(alkylene), -NR?R*, -(alkylene), -C(O)—NR?R*, -(alky-
lene),,-C(O)—0O-alkyl or -(alkylene),-OR’> any of which
may be optionally independently substituted with one or
more R groups as allowed by valance, and wherein two R*
groups bound to the same or adjacent atom may optionally
combine to form a ring.

[0027] In some aspects, R is -(alkylene), -heterocyclo,
-(alkylene), -NR?R*, -(alkylene), -C(O)—NR>R*, -(alky-
lene), -C(O)—O-alkyl or -(alkylene),,-OR® without further
substitution.
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[0028] Insome aspects, minR?is 1.In a further aspect, the
alkylene in R? is methylene.

[0029] Insome aspects, R? is

wherein:

R*" is a bond, alkylene, -(alkylene),, -O-(alkylene),, -, -(alky-
lene),,,-C(O)-(alkylene),,-, -(alkylene),,-S(O),-(alkylene),, -
and -(alkylene), -NH-(alkylene), - wherein each m is inde-
pendently O or 1;
P is a 4- to 8-membered mono- or bicyclic saturated hetero-
cyclyl group;
each R™ is independently -(alkylene), -(C(0)),,-(alkylene),, -
(N(R™M)),,-(alkyl),, wherein each m is independently 0 or 1
provided at least one m is 1, —(C(O))—0-alkyl, -(alkylene)
~cycloalkyl wherein m is 0 or 1, —N(R™)-cycloalkyl,
—C(0)-cycloalkyl, -(alkylene),, -heterocyclyl wherein m is 0
or 1, or —N(R™)-heterocyclyl, —C(O)-heterocyclyl, —S(O)
,-(alkylene),, wherein m is 1 or 2, wherein:
[0030] R¥YisH,C,toC,alkylorC, to C4heteroalkyl, and
[0031] wherein two R™ can, together with the atoms to
which they attach on P, which may be the same atom,
form a ring; and
tis 0, 1 or 2.

[0032] Insome aspects, each R*! is only optionally substi-
tuted by unsubstituted alkyl, halogen or hydroxy.

[0033] In some aspects, R* is hydrogen or unsubstituted
C,-C, alkyl.
[0034] In some aspects, at least one R™ is -(alkylene), -

heterocyclyl wherein m is O or 1.

[0035] Insome aspects, R? is

—RZ*—@(Rxl)t

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group.

[0036] Insome aspects, R? is
—R*—N NH
N
[0037] Insome aspects, R is

—R*—N N—R.
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[0038] Insome aspects, R is

o RZ* (RXZ)S
wherein:

R*" is a bond, alkylene, -(alkylene),, -O-(alkylene),, -, -(alky-

lene),,,-C(O)-(alkylene),,-, -(alkylene), -S(O),-(alkylene),, -
and -(alkylene),,-NH-(alkylene),,- wherein each m is inde-
pendently O or 1;

P is a 4- to 8-membered mono- or bicyclic saturated hetero-
cyclyl group;

P1 is a 4- to 6-membered monocyclic saturated heterocyclyl
group;

each R* is independently hydrogen or alkyl; and

sis 0,1 or 2.

[0039] Insome aspects, R is

- _N (RXZ)S.
[0040] In some aspects, P1 includes at least one nitrogen.
[0041] Insome aspects, any alkylene in R** in any previous

aspect is not further substituted.

[0042] In some aspects, R? is selected from the structures
depicted in FIGS. 1-3.

[0043] Insome aspects, R is

H,N

Tz

[0044] Insome aspects, the compound has general formula
T and more specifically one of the general structures in FIGS.
4-8 wherein the variables are as previously defined.
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[0045] Insome aspects, the compound has general formula
la:
, Ia
R X
i NWO
e N)\ N N N—R
\_/_/

SR

wherein R', R?, R and y are as previously defined.

[0046] In some embodiments, the compound has formula
la and R is alkyl.

[0047] In some embodiments, the compound has formula
laand R is H.

[0048] In some embodiments, the compound has formula

Ta and R? is
—RZ*—@(Rxl)t

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group and R**, R* and t are as previously
defined.

[0049] In some embodiments, the compound has formula

laand R? is
—RZ*—@(Rxl)t

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group, R* is hydrogen or unsubstituted C,-C,
alkyl and R*" is as previously defined.

[0050]
Ib:

In some embodiments, the compound has formula

Ib

wherein R? and R are as previously defined.

[0051] In some embodiments, the compound has formula
Ib and R is alkyl.

[0052] In some embodiments, the compound has formula
Iband R is H.
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[0053] In some embodiments, the compound has formula

Ib and R? is
—RZ*—@(Rxl)z

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group and R?*, R*! and t are as previously
defined.

[0054] In some embodiments, the compound has formula

Ib and R? is
_RZ*_@_(Rxl)t

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group, R* is hydrogen or C,-C,, alkyl and R*" is
as previously defined.

[0055] In some embodiments, the compound has formula
Ic:

wherein R? and R are as previously defined.

[0056] In some embodiments, the compound has formula
Ic and R is alkyl.

[0057] In some embodiments, the compound has formula
IcandRis H.

[0058] In some embodiments, the compound has formula
Ic and R? is

—R"— @—(R“»

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group and R*, R*' and t are as previously
defined.

[0059] In some embodiments, the compound has formula
Ic and R? is

P

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group, R*! is hydrogen or C,-C, alkyl and R*" is
as previously defined.
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[0060]
Id:

In some embodiments, the compound has formula

Id

wherein R? and R are as previously defined.

[0061] In some embodiments, the compound has formula
Id and R is alkyl.

[0062] In some embodiments, the compound has formula
Idand R is H.

[0063] In some embodiments, the compound has formula
Id and R? is

RZ*_@_(RXI)Z

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group and R®*, R* and t are as previously
defined.

[0064] In some embodiments, the compound has formula
Id and R? is

RZ*_@_(RXI)Z

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group, R*! is hydrogen or C,-C, alkyl and R*" is
as previously defined.

[0065]
Ie:

In some embodiments, the compound has formula

[0066] In some embodiments, the compound has formula
Ie and R is alkyl.

[0067] In some embodiments, the compound has formula
Ie and R is H.
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[0068] In some embodiments, the compound has formula

Ie and R? is
S

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group and R?*, R*! and t are as previously
defined.

[0069] In some embodiments, the compound has formula

Ie and R? is
e

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group, R* is hydrogen or C,-C,, alkyl and R*" is
as previously defined.

[0070]
If:

In some embodiments, the compound has formula
R? X
)\
Z >y N N N—R

[0071] Insomeembodiments, the compound has formula If
and R is alkyl.

[0072] Insomeembodiments, the compound has formula If
and R is H.

[0073]
and R?is

Insome embodiments, the compound has formula If

—R*— @—(R“»

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group and R?*, R*! and t are as previously
defined.

[0074]
and R?is

Insome embodiments, the compound has formula If

—R¥— @—(Rxl)t

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group, R*! is hydrogen or C,-C, alkyl and R*" is
as previously defined.
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In some embodiments, the compound has formula

NSy oA 0
T
Z N N N—R

[0075]
Ig:

[0076] In some embodiments, the compound has formula
Ig and R is alkyl.

[0077] In some embodiments, the compound has formula
Igand R is H.

[0078] In some embodiments, the compound has formula

Ig and R is
_RZ*_@_(Rxl)t

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group and R®>*, R* and t are as previously
defined.

[0079] In some embodiments, the compound has formula

Ig and R is
—R> —@(Rxl)t

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group, R* is hydrogen or C,-C,, alkyl and R*" is
as previously defined.

[0080] In some embodiments, the compound has formula
Th:
RZ X
J\
s N }\/N—R
[0081] In some embodiments, the compound has formula

Th and R is alkyl.

[0082] In some embodiments, the compound has formula
Thand R is H.

[0083] In some embodiments, the compound has formula

Thand R? is
—R* —@ (R,
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wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group and R*, R*' and t are as previously
defined.

[0084] In some embodiments, the compound has formula

Th and R? is
—RZ*—@(Rxl)t

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group, R* is hydrogen or C,-C,, alkyl and R*" is
as previously defined.

[0085]
Ii:

In some embodiments, the compound has formula

[0086] Insomeembodiments, the compound has formula Ii
and R is alkyl.

[0087] Insomeembodiments, the compound has formula Ii
and R is H.

[0088]
and R? is

In some embodiments, the compound has formula Ii

—R“@ﬂR“»

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group and R*, R*' and t are as previously
defined.

[0089]
and R? is

In some embodiments, the compound has formula Ii

—RZ*—@<R*1>,

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group, R*! is hydrogen or C,-C, alkyl and R*" is
as previously defined.
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[0090]
Ij:

In some embodiments, the compound has formula
RA X
)\
Ay N N N—R.

[0091] Insomeembodiments, the compound has formula Ij
and R is alkyl.

[0092] Insomeembodiments, the compound has formula Ij
and R is H.

[0093]
and R?is

In some embodiments, the compound has formula Ij

—RZ*—@<R*1>,

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group.

[0094]
and R? is

In some embodiments, the compound has formula Ij

—RZ*—@<R*1>,

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group, R* is hydrogen or C,-C,, alkyl.

[0095] Insomeembodiments, the compound has formula Ij
and R is H, and both X are N.

[0096]
Ik:

In some embodiments, the compound has formula
R2
LI
QNJ\ N N NH.
H
[0097] In some embodiments, the compound has formula

Tk and R? is
—R* —@ (R,

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group.
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[0098] In some embodiments, the compound has formula

Ik and R? is
—RZ*—@(Rxl)t

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group, R is hydrogen or C,-C,, alkyl.

[0099]
11:

In some embodiments, the compound has formula

Ry

NH.

=z

[0100]
and R? is

In some embodiments, the compound has formula I1

—RZ*—@<Rxl>,

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group.

[0101]
and R? is

In some embodiments, the compound has formula I1

_Rz*_@(Rxl)t

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group, R*™ is hydrogen or C,-C,, alkyl.

[0102]
Im:

In some embodiments, the compound has formula

= N/I\N N NI
H
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[0103] In some embodiments, the compound has formula

Imand R?is
R RZ* _@(Rxl)t

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group.

[0104] In some embodiments, the compound has formula

Imand R?is
R RZ* _@(Rxl)t

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group, R* is hydrogen or C,-C,, alkyl.

[0105] In some embodiments, the compound has formula
IIa:
R,
5 Ny N NH.
H
[0106] In some embodiments, the compound has formula
Ila and R? is

_Rz*_@(Rxl)t

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group.

[0107] In some embodiments, the compound has formula

Ilaand R?is
(P

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group, R* is hydrogen or C,-C,, alkyl.
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[0108] In some embodiments, the compound has formula
1Ib:
Ry
>\ Z o}
=N N
=k m\(
=
N NNy N NIL
H
[0109] In some embodiments, the compound has formula

Im and R? is

_Rz*_@(Rxl)t

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group.
[0110] In some embodiments, the compound has formula

Im and R?is
_RZ*_@(RXI)Z

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group, R is hydrogen or C,-C,, alkyl.

DEFINITIONS

[0111] Unless otherwise stated, the following terms used in
this application, including the specification and claims, have
the definitions given below. It must be noted that, as used in
the specification and the appended claims, the singular forms
“a,” “an” and “the” include plural referents unless the context
clearly dictates otherwise. Definition of standard chemistry
terms may be found in reference works, including Carey and
Sundberg (2007) Advanced Organic Chemistry 5 Ed. Vols.
A and B, Springer Science+Business Media LL.C, New York.
The practice of the present invention will employ, unless
otherwise indicated, conventional methods of synthetic
organic chemistry, mass spectroscopy, preparative and ana-
Iytical methods of chromatography, protein chemistry, bio-
chemistry, recombinant DNA techniques and pharmacology.
Conventional methods of organic chemistry include those
included in March’s Advanced Organic Chemistry: Reac-
tions, Mechanisms, and Structure, 6 Edition, M. B. Smith
and J. March, John Wiley & Sons, Inc., Hoboken, N.J., 2007.
[0112] The term “alkyl,” either alone or within other terms
such as “haloalkyl” and “alkylamino,” embraces linear or
branched radicals having one to about twelve carbon atoms.
“Lower alkyl” radicals have one to about six carbon atoms.
Examples of such radicals include methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
isoamyl, hexyl and the like. The term “alkylene” embraces
bridging divalent linear and branched alkyl radicals.
Examples include methylene, ethylene, propylene, isopropy-
lene and the like.

[0113] The term “alkenyl” embraces linear or branched
radicals having at least one carbon-carbon double bond of two
to about twelve carbon atoms. “Lower alkenyl” radicals hav-
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ing two to about six carbon atoms. Examples of alkenyl
radicals include ethenyl, propenyl, allyl, propenyl, butenyl
and 4-methylbutenyl. The terms “alkenyl” and “lower alk-
enyl,” embrace radicals having “cis” and “trans” orientations,
or alternatively, “E” and “Z” orientations.

[0114] The term “alkynyl” denotes linear or branched radi-
cals having at least one carbon-carbon triple bond and having
two to about twelve carbon atoms. “Lower alkynyl” radicals
having two to about six carbon atoms. Examples of such
radicals include propargyl, butynyl, and the like.

[0115] Alkyl, alkenyl, and alkynyl radicals may be option-
ally substituted with one or more functional groups such as
halo, hydroxy, nitro, amino, cyano, haloalkyl, aryl, het-
eroaryl, heterocyclo and the like.

[0116] The term “alkylamino” embraces “N-alkylamino”
and “N,N-dialkylamino” where amino groups are indepen-
dently substituted with one alkyl radical and with two alkyl
radicals, respectively. “Lower alkylamino” radicals have one
or two alkyl radicals of one to six carbon atoms attached to a
nitrogen atom. Suitable alkylamino radicals may be mono or
dialkylamino such as N-methylamino, N-ethylamino, N,N-
dimethylamino, N,N-diethylamino and the like.

[0117] The term “halo” means halogens such as fluorine,
chlorine, bromine or iodine atoms.

[0118] The term “haloalkyl” embraces radicals wherein
any one or more of the alkyl carbon atoms is substituted with
one or more halo as defined above. Examples include mono-
haloalkyl, dihaloalkyl and polyhaloalkyl radicals including
perhaloalkyl. A monohaloalkyl radical, for one example, may
have an iodo, bromo, chloro or fluoro atom within the radical.
Dihalo and polyhaloalkyl radicals may have two or more of
the same halo atoms or a combination of different halo radi-
cals. “Lower haloalkyl” embraces radicals having 1-6 carbon
atoms. Examples of haloalkyl radicals include fluoromethyl,
difluoromethyl, triffuoromethyl, chloromethyl, dichlorom-
ethyl, trichloromethyl, pentaffuoroethyl, heptafluoropropyl,
difluorochloromethyl, dichlorofluoromethyl, diffuoroethyl,
difluoropropyl, dichloroethyl and dichloropropyl. “Perfluo-
roalkyl” means an alkyl radical having all hydrogen atoms
replaced with fluoro atoms. Examples include trifluorom-
ethyl and pentafluoroethyl.

[0119] The term “aryl”, alone or in combination, means a
carbocyclic aromatic system containing one or two rings
wherein such rings may be attached together in a fused man-
ner. The term “aryl” embraces aromatic radicals such as phe-
nyl, naphthyl, indenyl, tetrahydronaphthyl, and indanyl.
More preferred aryl is phenyl. Said “aryl” group may have 1
or more substituents such as lower alkyl, hydroxyl, halo,
haloalkyl, nitro, cyano, alkoxy, lower alkylamino, and the
like. An aryl group may be optionally substituted with one or
more functional groups such as halo, hydroxy, nitro, amino,
cyano, haloalkyl, aryl, heteroaryl, heterocyclo and the like.
[0120] The term ‘“heterocyclyl” (or “heterocyclo™)
embraces saturated, and partially saturated heteroatom-con-
taining ring radicals, where the heteroatoms may be selected
from nitrogen, sulfur and oxygen. Heterocyclic rings com-
prise monocyclic 6-8 membered rings, as well as 5-16 mem-
bered bicyclic ring systems (which can include bridged fused
and spiro-fused bicyclic ring systems). It does not include
rings containing —O—O——0O—S— or —S—S— por-
tions. Said “heterocyclyl” group may have 1 to 3 substituents
such as hydroxyl, Boc, halo, haloalkyl, cyano, lower alkyl,
lower aralkyl, oxo, lower alkoxy, amino, lower alkylamino,
and the like.
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[0121] Examples of saturated heterocyclo groups include
saturated 3- to 6-membered heteromonocyclic groups con-
taining 1 to 4 nitrogen atoms [e.g. pyrrolidinyl, imidazolidi-
nyl, piperidinyl, pyrrolinyl, piperazinyl]; saturated 3 to
6-membered heteromonocyclic group containing 1 to 2 oxy-
gen atoms and 1 to 3 nitrogen atoms [e.g. morpholinyl];
saturated 3 to 6-membered heteromonocyclic group contain-
ing 1 to 2 sulfur atoms and 1 to 3 nitrogen atoms [e.g.,
thiazolidinyl]|. Examples of partially saturated heterocyclyl
radicals include dihydrothienyl, dihydropyranyl, dihydrofu-
ryl, dihydrothiazolyl, and the like.

[0122] Particular examples of partially saturated and satu-
rated heterocyclo groups include pyrrolidinyl, imidazolidi-
nyl, piperidinyl, pyrrolinyl, pyrazolidinyl, piperazinyl, mor-
pholinyl, tetrahydropyranyl, thiazolidinyl, dihydrothienyl,
2,3-dihydro-benzo[ 1,4]dioxanyl, indolinyl, isoindolinyl,
dihydrobenzothienyl, dihydrobenzofuryl, isochromanyl,
chromanyl, 1,2-dihydroquinolyl, 1,2,3,4-tetrahydro-iso-
quinolyl, 1,2,3,4-tetrahydro-quinolyl, 2,3,4,4a,9,9a-hexahy-
dro-1H-3-aza-fluorenyl, 5,6,7-trihydro-1,2,4-triazolo[3,4-a]
isoquinolyl, 3,4-dihydro-2H-benzo[ 1,4]oxazinyl, benzo[1,4]
dioxanyl, 2,3-dihydro-1H-1A\'-benzo[d]isothiazol-6-yl,
dihydropyranyl, dihydrofuryl and dihydrothiazolyl, and the
like.

[0123] Heterocyclo groups also includes radicals where
heterocyclic radicals are fused/condensed with aryl radicals:
unsaturated condensed heterocyclic group containing 1 to 5
nitrogen atoms, for example, indolyl, isoindolyl, indolizinyl,
benzimidazolyl, quinolyl, isoquinolyl, indazolyl, benzotria-
zolyl, tetrazolopyridazinyl [e.g., tetrazolo[1,5-b]pyridazi-
nyl]; unsaturated condensed heterocyclic group containing 1
to 2 oxygen atoms and 1 to 3 nitrogen atoms [e.g. benzox-
azolyl, benzoxadiazolyl]; unsaturated condensed heterocy-
clic group containing 1 to 2 sulfur atoms and 1 to 3 nitrogen
atoms [e.g., benzothiazolyl, benzothiadiazolyl]; and satu-
rated, partially unsaturated and unsaturated condensed het-
erocyclic group containing 1 to 2 oxygen or sulfur atoms [e.g.
benzofuryl, benzothienyl, 2,3-dihydro-benzo|1,4]dioxinyl
and dihydrobenzofuryl].

[0124] Theterm “heteroaryl” denotes aryl ring systems that
contain one or more heteroatoms selected from the group O,
N and S, wherein the ring nitrogen and sulfur atom(s) are
optionally oxidized, and nitrogen atom(s) are optionally quar-
ternized. Examples include unsaturated 5 to 6 membered
heteromonocyclyl group containing 1 to 4 nitrogen atoms, for
example, pyrrolyl, imidazolyl, pyrazolyl, 2-pyridyl, 3-py-
ridyl, 4-pyridyl, pyrimidyl, pyrazinyl, pyridazinyl, triazolyl
[e.g., 4H-1,2,4-triazolyl, 1H-1,2,3-triazolyl, 2H-1,2,3-triaz-
olyl]; unsaturated 5- to 6-membered heteromonocyclic group
containing an oxygen atom, for example, pyranyl, 2-furyl,
3-furyl, etc.; unsaturated 5 to 6-membered heteromonocyclic
group containing a sulfur atom, for example, 2-thienyl,
3-thienyl, etc.; unsaturated 5- to 6-membered heteromonocy-
clic group containing 1 to 2 oxygen atoms and 1 to 3 nitrogen
atoms, for example, oxazolyl, isoxazolyl, oxadiazolyl [e.g.,
1,2,4-oxadiazolyl, 1,3.,4-oxadiazolyl, 1,2,5-oxadiazolyl];
unsaturated 5 to 6-membered heteromonocyclic group con-
taining 1 to 2 sulfur atoms and 1 to 3 nitrogen atoms, for
example, thiazolyl, thiadiazolyl [e.g., 1,2,4-thiadiazolyl, 1,3,
4-thiadiazolyl, 1,2,5-thiadiazolyl].

[0125] The term “heteroarylalkyl” denotes alkyl radicals
substituted with a heteroaryl group. Examples include
pyridylmethyl and thienylethyl.
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[0126] Theterm “sulfonyl”, whether used alone or linked to
other terms such as alkylsulfonyl, denotes respectively diva-
lent radicals —SO,—.

[0127] The terms “carboxy” or “carboxyl”, whether used
alone or with other terms, such as “carboxyalkyl”, denotes
—C(O)—OH.

[0128] The term “carbonyl”, whether used alone or with
other terms, such as “aminocarbonyl”, denotes —C(O)—.

[0129] The term “aminocarbonyl” denotes an amide group
of the formula —C(O)—NH,.

[0130] The terms “heterocycloalkyl” embrace heterocy-
clic-substituted alkyl radicals. Examples include piperidylm-
ethyl and morpholinylethyl.

[0131] The term “arylalkyl” embraces aryl-substituted
alkyl radicals. Examples include benzyl, diphenylmethyl and
phenylethyl. The aryl in said aralkyl may be additionally
substituted with halo, alkyl, alkoxy, halkoalkyl and
haloalkoxy.

[0132] The term “cycloalkyl” includes saturated carbocy-
clic groups of 3 to 10 carbons. Lower cycloalkyl groups
include C;-C, rings. Examples include cyclopentyl, cyclo-
propyl, and cyclohexyl. Cycloalkyl groups may be optionally
substituted with one or more functional groups such as halo,
hydroxy, nitro, amino, cyano, haloalkyl, aryl, heteroaryl, het-
erocyclo and the like.

[0133] The term “cycloalkylalkyl” embraces cycloalkyl-
substituted alkyl radicals. “Lower cycloalkylalkyl” radicals
are cycloalkyl radicals attached to alkyl radicals having one to
six carbon atoms. Examples of include cyclohexylmethyl.
The cycloalkyl in said radicals may be additionally substi-
tuted with halo, alkyl, alkoxy and hydroxy.

[0134] The term “cycloalkenyl” includes carbocyclic
groups having one or more carbon-carbon double bonds
including “cycloalkyldienyl” compounds. Examples include
cyclopentenyl, cyclopentadienyl, cyclohexenyl and cyclo-
heptadienyl.

[0135] The term “comprising” is meant to be open ended,
including the indicated component but not excluding other
elements.

[0136] Theterm “oxo” as used herein contemplates an oxy-
gen atom attached with a double bond.

[0137] The term “nitro” as used herein contemplates
—NO,.

[0138] The term “cyano” as used herein contemplates
—CN.

Synthesis

[0139] The disclosed compounds can be made by the fol-

lowing general schemes:

Scheme 1
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[0140] InScheme 1,Ref-1is WO 2010/020675A1; Ref-2is
White, J. D.; et al. J. Org. Chem. 1995, 60, 3600; and Ref-3
Presser, A. and Hufner, A. Monatshefte fiir Chemie 2004, 135,
1015.

Scheme 2
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[0141] InScheme2,Ref-1is WO 2010/020675A1; Ref-4is
WO 2005/040166 Al; and Ref-5 is Schoenauer, K. and Zbi-
ral, E. Tetrahedron Letters 1983, 24, 573.
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In Scheme 3, Ref-1 is WO 2010/020675 Al.
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Scheme 5
NWO
)\ NH,OH
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[0143] Scheme 5 illustrates a scheme useful for the synthe-
sis of compounds of formula II.

EXAMPLES
Example 1

tert-butyl N-[2-[(5-bromo-2-chloro-pyrimidin-4-y1)
amino]ethyl]carbamate

[0144]

[0145] To a solution of 5-bromo-2,4-dichloropyrimidine
3.2 2(0.0135 mole) in ethanol 80 mIL. was added Hunig’s base
3.0 mL followed by the addition of a solution of N-(tert-
butoxycarbonyl)-1,2-diaminoethane 2.5 g (0.0156 mole) in
20 mL ethanol. The contents were stirred overnight for 20 hrs.
The solvent was evaporated under vacuum. Ethyl acetate (200
ml.) and water (100 mL) was added and the layers separated.
The organic layer was dried with magnesium sulfate and then
concentrated under vacuum. Column chromatography on
silica gel using hexane/ethyl acetate (0-60%) afforded tert-
butyl N-[2-[(5-bromo-2-chloro-pyrimidin-4-yl)amino]ethyl]
carbamate. 'HNMR (d6-DMSO) 8.21 (s, 1H), 7.62 (brs, 1H),
7.27 (brs, 1H), 3.39 (m, 2H), 3.12 (m, 2H), 1.34 (s, 9H).
LCMS (ESI) 351 (M+H) tert-butyl N-[2-[[2-chloro-5-(3,3-
diethoxyprop-1-ynyl)pyrimidin-4-ylJamino]ethyl]|carbam-
ate
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[0146] To 3.6 mmole (1.265 g) of tert-butyl N-[2-[(5-
bromo-2-chloro-pyrimidin-4-yl)amino]ethyl|carbamate in
THF (10 mL) was added 0.778 mL of the acetal (5.43 mmol),
148 mg of Pd(dppf)CH,Cl,, triethylamine 0.757 mL (5.43
mmol. The contents were degassed and then purged with
nitrogen. To this was then added 29 mg of Cul. The reaction
mixture was heated under reflux for 48 hrs. After cooling, the
contents were filtered over CELITE™ and concentrated. Col-
umn chromatography of the resulting residue using hexane/
ethyl acetate (0-30%) afforded tert-butyl N-[2-[[2-chloro-5-
(3,3-diethoxyprop-1-ynyl)pyrimidin-4-yl]Jamino|ethyl]
carbamate. 'HNMR (d6-DMSO) 8.18 (s, 1H), 7.63 (brs, 1H),
7.40 (brs, 1H), 5.55 (s, 1H), 3.70 (m, 2H), 3.60 (m, 2H), 3.42
(m, 2H), 3.15 (m, 2H), 1.19-1.16 (m, 15H). LCMS (ESI) 399
(M+H)

tert-butyl N-[2-[2-chloro-6-(diethoxymethyl)pyrrolo
[2,3-d]pyrimidin-7-yl]ethyl]carbamate
[0147]

P as
2)U<

[0148] To a solution of the coupled product 2.1 g (0.00526
mole) in THF (30 mL) was added 7.0 g of TBAF solid. The
contents were heated to 65 degrees for 2 hrs. Concentration
followed by column chromatography using ethyl acetate/hex-
ane (0-50%) afforded tert-butyl N-[2-[2-chloro-6-(di-
ethoxymethyl)pyrrolo[2,3-d]pyrimidin-7-yl]ethyl]carbam-
ate as a pale brown liquid (1.1 g). "HNMR (d6-DMSO) 8.88
(s, 1H), 6.95 (brs, 1H), 6.69 (s, 1H), 5.79 (s, 1H), 4.29 (m,
2H), 3.59 (m, 4H), 3.34 (m, 1H), 3.18 (m, 1H), 1.19 (m, 9H),
1.17 (m, 6H). LCMS (ESI) 399 (M+H).

tert-butyl N-[2-(2-chloro-6-formyl-pyrrolo[2,3-d]
pyrimidin-7-yl)ethyl]|carbamate

[0149]
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[0150] To 900 mg of the acetal was added 8.0 mL. AcOH
and 1.0 mL water. This was stirred at room temperature for 16
hrs. Conc. and column ethyl acetate/hexanes (0-60%)
afforded 0.510 g of tert-butyl N-[2-(2-chloro-6-formyl-pyr-
rolo[2,3-d]pyrimidin-7-yl)ethyl]carbamate as a foam.
'"HNMR (d6-DMSO) 9.98 (s, 1H), 9.18 (s, 1H), 7.66 (s, 1H),
6.80 (brs, 1H), 4.52 (m, 2H), 4.36 (m, 2H), 1.14 (s, 9H).
LCMS (ESI) 325 (M+H)

7-[2-(tert-butoxycarbonylamino)ethyl]-2-chloro-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid

[0151]
O
“
N
)\ | N\ OH
X
cl N N

N)J\O

H
[0152] To the aldehyde 0.940 g in DMF (4 mL) was added

oxone (1.95¢g, 1.1 eq). The contents were stirred at room temp
for 7 hrs. Column hexane/ethyl acetate (0-100%) afforded
0.545 g of 7-[2-(tert-butoxycarbonylamino)ethyl]-2-chloro-
pyrrolo[2,3-d]pyrimidine-6-carboxylic acid. 'HNMR (d6-
DMSO0)9.11 (s, 1H), 7.39 (s, 1H), 4.38 (m, 2H), 4.15 (m, 2H),
1.48 (m, 9H). LCMS (ESI) 341 (M+H)

methyl 7-[2-(tert-butoxycarbonylamino)ethyl]-2-
chloro-pyrrolo[2,3-d]pyrimidine-6-carboxylate

[0153]

[0154] To a solution of 2-chloro-7-propyl-pyrrolo[2,3-d]
pyrimidine-6-carboxylic acid 0.545 g (0.00156 mole) in tolu-
ene (3.5 ml) and MeOH (1 mL) was added TMS-diaz-
omethane (1.2 ml). After stirring overnight at room
temperature excess of TMS-diazomethane was quenched
with acetic acid (3 mL) and then concentrated under vacuum.
The residue was columned with hexane/ethyl acetate (0-70%)
to afford methyl 7-[2-(tert-butoxycarbonylamino)ethyl]-2-
chloro-pyrrolo[2,3-d]pyrimidine-6-carboxylate as a off
white solid (0.52 g). "HNMR (d6-DMSO0) 9.10 (s, 1H), 7.45
(s, 1H), 6.81 (brs, 1H) 4.60 (m, 2H), 3.91 (s, 3H), 3.29 (m,
2H), 1.18 (m, 9H) LCMS (ESI) 355 (M+H)
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Chloro Tricyclic Amide
[0155]
I~
c1)\N N NH
[0156] To methyl 7-[2-(tert-butoxycarbonylamino)ethyl]-

2-chloro-pyrrolo[2,3-d]pyrimidine-6-carboxylate 0.50 g
(0.0014 mole) in dichloromethane (2.0 mL) was added TFA
0.830 mL. The contents were stirred at room temperature for
1 hr. Concentration under vacuum afforded the crude amino
ester which was suspended in toluene (5 mL) and Hunig’s
base (0.5 mL). The contents were heated under reflux for 2
hrs. Concentration followed by column chromatography
using hexane/ethyl acetate (0-50%) afforded the desired
chloro tricyclic amide (0.260 g). "HNMR (d6-DMSO) 9.08
(s, 1H), 8.48 (brs, 1H), 7.21 (s, 1H) 4.33 (m, 2H), 3.64 (m,
2H). LCMS (ESI) 223 (M+H)

chloro-N-methyltricyclic amide

[0157]
D~
Cl)\N N N
[0158] To a solution of the chloro tricycliclactam (185 mg,

0.00083 mole) in DMF (2.0 mlL.) was added sodium hydride
(55% dispersion in oil, 52 mg). After stirring for 15 mins,
methyl iodide (62 pl, 1.2 eq). The contents were stirred at
room temperature for 30 mins. After the addition of methanol
(5 mL), sat NaHCO, was added followed by the addition of
ethyl acetate. Separation of the organic layer followed by
drying with magnesium sulfate and concentration under
vacuum afforded the N-methylated amide in quantitative
yield. "HNMR (d6-DMSO) 9.05 (s, 1H), 7.17 (s, 1H) 4.38 (m,
2H), 3.80 (m, 2H), 3.05 (s, 3H). LCMS (ESI) 237 (M+H)

1-methyl-4-(6-nitro-3-pyridyl)piperazine

[0159]
Nl N\
—N N NO,
[0160] To 5-bromo-2-nitropyridine (4.93 g,24.3 mmole) in

DMF (20 mL) was added N-methylpiperazine (2.96 g, 1.1 eq)
followed by the addition of DIPEA (4.65 mL, 26.7 mmole).
The contents were heated at 90 degrees for 24 hrs. After
addition of ethyl acetate (200 mL) water 100 m[. was added
and the layers separated. Drying followed by concentration
afforded the crude product which was columned using
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(0-10%) DCM/Methanol. "HNMR (6-DMSO) 8.26 (s, 1H),
8.15 (1H, d, J=9.3 Hz), 7.49 (1H, d, 1=9.4 Hz), 3.50 (m, 4H),
2.49 (m, 4H), 2.22 (s, 3H).

5-(4-methylpiperazin-1-yl)pyridin-2-amine

[0161]
I\ N
—N N4@7NH2
[0162] To 1-methyl-4-(6-nitro-3-pyridyl)piperazine 3.4 g

in ethyl acetate (100 mL) and ethanol (100 mL) was added
10% Pd/c (400 mg) and then contents stirred under hydrogen
(10 psi) overnight. After filtration through CELITE™, the
solvents were evaporated and the crude product was purified
over silica gel using DCM/7N Ammonia in MeOH (0-5%) to
afford 5-(4-methylpiperazin-1-yl)pyridin-2-amine (2.2 g).
'"HNMR (d6-DMS0) 7.56 (1H,d, J=3 Hz), 7.13 (1H, m), 6.36
(1H, d, J=8.8 Hz), 5.33 (brs, 2H), 2.88 (m, 4H), 2.47 (m, 4H),
2.16 (s, 3H).

tert-butyl
4-(6-amino-3-pyridyl)piperazine-1-carboxylate

[0163]

OO

[0164] This compound was prepared as described in WO
2010/020675 Al.

Example 2

Synthesis of Additional Intermediates

[0165]

Scheme 4

1) MeSO,Cl/Hunig's Base

NHCbz
W/\OH

2) NaN3/DMSO
R
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N3 NHBoc
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R
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R R
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Intermediate A: tert-butyl N-[2-(benzyloxycarbony-
lamino)-3-methyl-butyl]carbamate

[0166]
O, O
>—NH HN~<
(6] 6]
[0167] To11.0g(0.0464 mole)ofbenzyl N-[1-(hydroxym-

ethyl)-2-methyl-propyl|carbamate in dioxane (100 ml)
cooled to 0° C. was added diphenylphosphoryl azide 10.99
mL (1.1 eq) followed by the addition of DBU 8.32 mL (1.2
eq). The contents were allowed to warm to room temperature
and stirred for 16 hrs. After the addition of ethyl acetate (300
ml) and water (100 mL), the organic layer was separated and
then washed with satd. NaHCO; (100 mL). The organic layer
was then dried (magnesium sulfate) and then concentrated
under vacuum. To this intermediate in DMSO (100 mL.) was
added sodium azide 7.54 g and the contents then heated to 90
degrees for 2 hrs. After addition of ethyl acetate and water the
layers were separated. The organic layer was dried with mag-
nesium sulfate followed by concentration under vacuum to
afford an oil that was columned using hexane/ethyl acetate
(0-70%) to afford benzyl N-[1-(azidomethyl)-2-methyl-pro-
pyl]carbamate 6.9 g as a colorless oil.

[0168] To benzyl N-[1-(azidomethyl)-2-methyl-propyl]
carbamate 6.9 g (0.0263 mole) in THF (100 mL.) was added
triphenyl phosphine 7.59 g (1.1 eq). The contents were stirred
for 20 hrs. After addition of water (10 mL), and stirring for an
additional 6 hrs, ethyl acetate was added and the layers sepa-
rated. After drying with magnesium sulfate and concentration
under vacuum, the crude product was columned using DCM/
MeOH (0-10%) to afford benzyl N-[1-(aminomethyl)-2-me-
thyl-propyl|carbamate as a yellow oil.

[0169] To benzyl N-[1-(aminomethyl)-2-methyl-propyl]
carbamate 4.65 g (0.019 mole) in THF (70 mL) was added 2N
NaOH (20 mL) followed by the addition of di-tert-butyl dicar-
bonate 5.15 g (1.2 eq). After stirring for 16 hrs, ethyl acetate
was added and the layers separated. After drying with mag-
nesium sulfate and concentration under vacuum, the crude
product was purified using hexane/ethyl acetate (0-40%) over
a silica gel column to afford intermediate A, tert-butyl N-[2-
(benzyloxycarbonylamino)-3-methyl-butyl|carbamate, (6.1
2). 1H NMR (600 MHz, CHLOROFORM-d) & ppm 0.89 (d,
J=6.73 Hz,3H) 0.92 (d, J=6.73 Hz,3H) 1.38 (5, 9H) 1.70-1.81
(m, 1H) 3.18 (d, J=5.56 Hz, 2H) 3.47-3.60 (m, 1H) 4.76 (s,
1H) 4.89 (d, J=7.90 Hz, 1H) 5.07 (s, 2H) 7.25-7.36 (m, 5H).
LCMS (ESI) 337 (M+H).
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Intermediate B: tert-butyl N-[2-(benzyloxycarbony-
lamino)-4-methyl-pentyl]carbamate

[0170]
O, (6]
>—NH HN—<
(6] 6]
[0171] To a solution of benzyl N-[1-(hydroxymethyl)-3-

methyl-butyl|carbamate 6.3 g (0.025 mole) in DCM (100
ml) was added diisopropylethyl amine 5.25 mL (1.2 eq)
followed by the addition of methane sulfonylchloride 2.13
mL (1.1 eq) at O degrees. After stirring for 3 hrs, water (100
ml.) was added and the organic layer separated. After drying
with magnesium sulfate and concentration under vacuum, the
crude [2-(benzyloxycarbonylamino)-4-methyl-pentyl|meth-
anesulfonate which was taken directly to the next step.

[0172] To the crude [2-(benzyloxycarbonylamino)-4-me-
thyl-pentyl]methanesulfonate from the above reaction in
DMF (50 mL), was added sodium azide 2.43 g. The reaction
mixture was then heated to 85 degrees for 3 hrs. After cooling,
ethyl acetate (300 mL) and water was added. The organic
layer was separated, dried with magnesium sulfate and then
concentrated under vacuum to afford the crude benzyl N-[1-
(azidomethyl)-3-methyl-butyl|carbamate. To this crude
intermediate was added THF (100 mL) followed by triph-
enylphosphine 7.21 g and stirred under nitrogen for 16 hrs.
After addition of water (10 mL), and stirring for an additional
6 hrs, ethyl acetate was added and the layers separated. After
drying with magnesium sulfate and concentration under
vacuum, the crude product was columned using DCM/MeOH
(0-10%) to afford benzyl N-[1-(aminomethyl)-3-methyl-bu-
tyl]carbamate (4.5 g).

[0173] To benzyl N-[1-(aminomethyl)-3-methyl-butyl]car-
bamate 4.5 g (0.018 mole) in THF (60 mL) was added 2N
NaOH (18 mL) followed by the addition of di-tert-butyl dicar-
bonate 4.19 g (1.07 eq). After stirring for 16 hrs, ethyl acetate
was added and the layers separated. After drying with mag-
nesium sulfate and concentration under vacuum, the crude
product was taken to the next step. 1H NMR (600 MHz,
CHLOROFORM-d) 8 ppm 0.89 (d, J=6.73 Hz, 6H) 1.25-1.34
(m, 1H) 1.39 (s, 9H) 1.57-1.71 (m, 2H) 3.04-3.26 (m, 2H)
3.68-3.80 (m, 1H) 4.72-4.89 (m, 2H) 5.06 (s, 2H) 7.25-7.38
(m, SH). LCMS (ESI) 351 (M+H).
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Intermediate C: tert-butyl N-[(2R)-2-(benzyloxycar-
bonylamino)-3-methyl-butyl|carbamate

[0174]
O, O
>—NH HN~<
(6] 6]
[0175] Intermediate C was synthesized from benzyl

N-[(1R)-1-(hydroxymethyl)-2-methyl-propyl|carbamate
using similar synthetic steps as that described for intermedi-
ate B. The analytical data (NMR and mass spec) was consis-
tent with that for intermediate A.

Intermediate D: -tert-butyl N-[(2S)-2-(benzyloxycar-
bonylamino)-3-methyl-butyl|carbamate

[0176]
O, [¢]
>—NH HN~<
0 > 0
[0177] Intermediate D was synthesized from benzyl

N-[(1S)-1-(hydroxymethyl)-2-methyl-propyl]carbamate
using similar synthetic steps as that described for intermedi-
ate B. The analytical data (NMR and mass spec) was consis-
tent with that for intermediate A.

Intermediate E: tert-butyl N-[(1S)-1-(aminomethyl)-
2-methyl-propyl]carbamate

[0178]
O
H>N HN~<
(6]
[0179] To a solution of tert-butyl N-[(1S)-1-(hydroxym-

ethyl)-2-methyl-propyl|carbamate carbamate 6.3 g (0.025
mole) in THF (100 mL) was added diisopropylethyl amine
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5.25 mL (1.2 eq) followed by the addition of methane sulfo-
nylchloride 2.13 mL (1.1 eq) at O degrees. After stirring for 3
hrs, water (100 mL) was added and the organic layer sepa-
rated. After drying with magnesium sulfate and concentration
under vacuum, the crude [(2S)-2-(tert-butoxycarbony-
lamino)-3-methyl-butylmethanesulfonate which was taken
directly to the next step.

[0180] To the crude [(2S)-2-(tert-butoxycarbonylamino)-
3-methyl-butyl|methanesulfonate from the above reaction in
DMSO (50 mL), was added sodium azide 2.43 g. The reaction
mixture was then heated to 85 degrees for 3 hrs. After cooling,
ethyl acetate (300 mL) and water was added. The organic
layer was separated, dried with magnesium sulfate and then
concentrated under vacuum to afford the crude benzyl N-[1-
(azidomethyl)-3-methyl-butyl|carbamate. To this crude
intermediate was added THF (100 mL) followed by triph-
enylphosphine 7.21 g and stirred under nitrogen for 16 hrs.
After addition of water (10 mL), and stirring for an additional
6 hrs, ethyl acetate was added and the layers separated. After
drying with magnesium sulfate and concentration under
vacuum, the crude product was columned using DCM/MeOH
(0-10%) to afford benzyl N-[1-(aminomethyl)-3-methyl-bu-
tyl]carbamate (4.5 g). LCMS (ESI) 203 (M+H).

Intermediate F: tert-butyl N-[(1R)-1-(aminomethyl)-
2-methyl-propyl]carbamate

[0181]
(6]
H>N HN~<
[0182] Intermediate F was synthesized from tert-butyl

N-[(1R)-1-(hydroxymethyl)-2-methyl-propyl|carbamate
using a similar synthetic sequence as described for interme-
diate E. The analytical data (NMR and mass spec) was con-
sistent with intermediate E.

Intermediate G: tert-butyl N-[(2S)-2-(benzyloxycar-
bonylamino)-4-methyl-pentyl|carbamate

[0183]

6}
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[0184] Intermediate G was synthesized from benzyl
N-[(1S)-1-(hydroxymethyl)-3-methyl-butyl]carbamate
using a similar synthetic sequence as described for interme-
diate B. The analytical data (NMR and mass spec) was con-
sistent with intermediate B.

Intermediate H: tert-butyl N-[(2S)-2-(benzyloxycar-
bonylamino)-2-phenyl-ethyl|carbamate

[0185]
O, [¢]
>—NH HN~<
To /Y
[0186] Intermediate H was synthesized from benzyl

N-[(1S)-2-hydroxy-1-phenyl-ethyl|carbamate using a simi-
lar synthetic sequence as described for intermediate B. 1H
NMR (600 MHz, DMSO-dg) d ppm 1.20-1.33 (m, 9H) 3.11 (1,
J=6.29 Hz, 2H) 4.59-4.68 (m, 1H) 4.88-5.01 (m, 2H) 6.81 (t,
J=5.42 Hz, 1H) 7.14-7.35 (m, 10H) 7.69 (d, ]=8.49 Hz, 1H).
LCMS (ESI) 371 (M+H).

Intermediate I: tert-butyl N-[(2S)-2-(benzyloxycar-
bonylamino)-3-methyl-pentyl|carbamate

[0187]
O, O
>—NH HN~<
g — N
[0188] Intermediate 1 was synthesized from benzyl

N-[(1S)-1-(hydroxymethyl)-2-methyl-butyl]carbamate
using a similar synthetic sequence as described for interme-
diate B. 1H NMR (600 MHz, CHLOROFORM-d) d ppm
0.85-0.92 (m, 6H) 1.05-1.15 (m, 1H) 1.35-1.41 (m, 9H) 1.45-
1.56 (m, 2H) 3.14-3.24 (m, 2H) 3.54-3.64 (m, 1H) 4.78 (s,
1H) 4.96 (d, J=7.91 Hz, 1H) 5.06 (s, 2H) 7.27-7.37 (m, 5H).
LCMS (ESI) 351 (M+H).
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Intermediate J: tert-butyl N-[(2S)-2-(benzyloxycar-
bonylamino)-3,3-dimethyl-butyl]carbamate

[0189]
O,
%NH 0
7\ 0
[0190] Intermediate J was synthesized from benzyl

N-[(1S)-1-(hydroxymethyl)-2,2-dimethyl-propyl|carbamate
using a similar synthetic sequence as described for interme-
diate B. LCMS (ESI) 351.

Intermediate K: tert-butyl N-[[1-(benzyloxycarbony-
lamino)cyclohexyl|methyl|carbamate

[0191]
(6]
>\NH o)
N
(6]
[0192] To a solution of benzyl N-[1-(aminomethyl)cyclo-

hexyl]carbamate 10.0 g (0.0381 mole) in THF (150 mL) was
added di-tert-butyl dicarbonate (9.15 g, 1.1 eq) and the con-
tents stirred at room temperature for 16 hrs. Ethyl acetate and
water was then added. The organic layer was separated, dried
over magnesium sulfate and then concentrated under vacuum
to afford tert-butyl N-[[1-(benzyloxycarbonylamino)cyclo-
hexyl|methyl|carbamate (13.1 g). 1H NMR (600 MHz,
DMSO-d,) d ppm 0.92-1.54 (m, 17H) 1.76-2.06 (m, 2H) 3.09
(d, J=6.15 Hz, 2H) 4.92 (s, 2H) 6.63 (d, J=17.27 Hz, 1H)
7.16-7.49 (m, 6H). LCMS (ESI) 363 (M+H).

Intermediate L: tert-butyl N-[[1-(benzyloxycarbony-
lamino)cyclopentyl|methyl]carbamate

[0193]
(6]
>\NH 0
e
(6]
[0194] tert-butyl N-[[1-(benzyloxycarbonylamino)cyclo-

pentyl|methyl|carbamate was synthesized in an analogous
manner to tert-butyl N-[[ 1-(benzyloxycarbonylamino)cyclo-
hexyl|methyl|carbamate. LCMS (ESI) 349 (M+H).
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Example 3

Synthesis of Substituted 2-aminopyridines

@@ /N

[0196] To 5-bromo-2-nitropyridine (1.2 g, 5.9 mmol) in
DMSO (4 mL) was added 1-(4-piperidyl)piperidine (1.0 g,
5.9 mmole) and triethyl amine (0.99 mL, 7.1 mmole). The
contents were heated to 120 degrees in a CEM Discovery
microwave system for 3 hours. The crude reaction was then
loaded over a silica gel column and eluted with DCM/metha-
nol (0-20%) to afford 2-nitro-5-[4-(1-piperidyl)-1-piperidyl]
pyridine as an 0il (457 mg). IHNMR (600 MHz, DMSO-d,)
dppm 1.26-1.36 (m, 2H) 1.43 (m, 6H) 1.76 (m, 2H) 2.37 (m,
S5H) 2.94 (t, J=12.74 Hz, 2H) 4.06 (d, I=13.47 Hz, 2H) 7.41
(dd, J=9.37, 2.64 Hz, 1H) 8.08 (d, J=9.37 Hz, 1H) 8.20 (d,
J=2.64 Hz, 1H).

[0195]

5-[4-(1-piperidyl)-1-piperidyl |pyridin-2-amine

C@ /N

[0198] 5-[4-(1-piperidyl)-1-piperidyl|pyridin-2-amine
was prepared in a manner similar to that used in the synthesis
of 5-(4-methylpiperazin-1-yl)pyridin-2-amine. 1H NMR
(600 MHz, DMSO-d,) 8 ppm 1.13-1.37 (m, 6H) 1.40-1.63
(m, 6H) 1.71 (m, 2H), 2.24 (m, 1H) 2.43 (m, 2H) 3.33 (d,
J=12.30 Hz, 2H) 5.31 (s, 2H) 6.33 (d, J=8.78 Hz, 1H) 7.10
(dd, J=8.78, 2.93 Hz, 1H) 7.55 (d, J=2.64 Hz, 1H). LCMS
(ESI) 261 (M+H).

[0197]

4-[1-(6-nitro-3-pyridyl)-4-piperidyl|morpholine

O-O-O

[0200] 4-[1-(6-nitro-3-pyridyl)-4-piperidyl |morpholine
was synthesized in a manner similar to that used in the syn-
thesis of 2-nitro-5-[4-(1-piperidyl)-1-piperidyl|pyridine. 1H
NMR (600 MHz, DMSO-d;) 6 ppm 1.41 (m, 2H) 1.82 (m,
2H) 2.42 (m, 5H) 2.98 (t, J=12.44 Hz, 2H) 3.52 (s, 4H) 4.04
(d, J=12.88 Hz, 2H) 7.42 (d, I=9.37 Hz, 1H) 8.08 (d, J=9.08
Hz, 1H) 8.21 (s, 1H).

[0199]
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5-(4-morpholino-1-piperidyl)pyridin-2-amine

[0201]
O-O-Cr

[0202] 5-(4-morpholino-1-piperidyl)pyridin-2-amine was
prepared in a manner similar to that used in the synthesis of
5-(4-methylpiperazin-1-yl)pyridin-2-amine. 1H NMR (600
MHz, DMSO-d¢) d ppm 1.34-1.52 (m, 2H) 1.78 (m, 2H) 2.14
(m, 1H) 2.43 (m, 4H) 3.32 (d, J=12.30 Hz, 4H) 3.47-3.59 (m,
4H) 5.32 (s, 2H) 6.34 (d, J=8.78 Hz, 1H) 7.11 (dd, J=8.93,
2.78 Hz, 1H) 7.47-7.62 (m, 1H). LCMS (ESI) 263 (M+H).

4-[1-(6-nitro-3-pyridyl)-4-piperidyl]thiomorpholine

[0203]
OO0
_

[0204] 4-[1-(6-nitro-3-pyridyl)-4-piperidyl|thiomorpho-
line was synthesized in a manner similar to that used in the
synthesis of 2-nitro-5-[4-(1-piperidyl)-1-piperidyl|pyridine.
1H NMR (600 MHz, DMSO-dy) & ppm 1.40-1.52 (m, 2H)
1.71 (m, 2H) 2.49-2.55 (m, 4H) 2.56-2.63 (m, 1H) 2.68-2.75
(m, 4H) 2.88-2.98 (m, 2H) 4.09 (d, J=13.18 Hz, 2H) 7.42 (dd,
J=9.22,3.07 Hz, 1H) 8.08 (d, J=9.37 Hz, 1H) 8.20 (d, J=3.22
Hz, 1H).

5-(4-thiomorpholino-1-piperidyl)pyridin-2-amine

[0205]
OO0
_

[0206] 5-(4-thiomorpholino-1-piperidyl)pyridin-2-amine
was prepared in a manner similar to that used in the synthesis
of 5-(4-methylpiperazin-1-yl)pyridin-2-amine. 1H NMR
(600 MHz, DMSO-d,) d ppm 1.47-1.59 (m, 2H) 1.65 (m, 2H)
2.22-2.38 (m, 1H) 2.50-2.59 (m, 6H) 2.68-2.82 (m, 4H) 3.33
(d, =12.00Hz, 2H) 5.31 (s, 2H) 6.33 (d, J=9.08 Hz, 1H) 7.10
(dd, J=8.78, 2.93 Hz, 1H) 7.55 (d, J=2.64 Hz, 1H). LCMS
(ESI) 279 (M+H).

2-nitro-5-(1-piperidyl)pyridine

N
{ N/\No2

[0208] 2-nitro-5-(1-piperidyl)pyridine was synthesized in
a manner similar to that used in the synthesis of 2-nitro-5-[4-

[0207]
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(1-piperidyl)-1-piperidyl|pyridine. 1H NMR (600 MHz,
DMSO-dy) & ppm 1.56 (m, 6H) 3.49 (d, J=4.39 Hz, 4H)
7.30-7.47 (m, 1H) 8.02-8.12 (m, 1H) 8.15-8.26 (m, 1H).

5-(1-piperidyl)pyridin-2-amine

¢ N/N\ NH,

[0210] 5-(1-piperidyl)pyridin-2-amine was prepared in a
manner similar to that used in the synthesis of 5-(4-meth-
ylpiperazin-1-yl)pyridin-2-amine. 1H NMR (600 MHz,
DMSO-d,) d ppm 1.39-1.46 (m, 2H) 1.51-1.62 (m, 4H) 2.75-
2.92 (m, 4H) 5.30 (s, 2H) 6.34 (d, J=8.78 Hz, 1H) 7.09 (dd,
J=8.78, 2.93 Hz, 1H) 7.54 (d, J=2.93 Hz, 1H). LCMS (ESI)
178 (M+H).

4-(6-nitro-3-pyridyl)thiomorpholine

[0209]

[0211]
/Nl
S N NO,
[0212] 4-(6-nitro-3-pyridyl)thiomorpholine was synthe-

sized in a manner similar to that used in the synthesis of
2-nitro-5-[4-(1-piperidyl)-1-piperidyl]pyridine. 1H NMR
(600 MHz, DMSO-d,) 8 ppm 2.56-2.69 (m, 4H) 3.79-3.92
(m, 4H) 7.43 (dd, J=9.22, 3.07 Hz, 1H) 8.10 (d, J=9.37 Hz,
1H) 8.20 (d, J=2.93 Hz, 1H).

5-thiomorpholinopyridin-2-amine

[0213]
/Nl N
S N NH,
[0214] 5-thiomorpholinopyridin-2-amine was prepared in

a manner similar to that used in the synthesis of 5-(4-meth-
ylpiperazin-1-yl)pyridin-2-amine. 1H NMR (600 MHz,
DMSO-dy) & ppm 2.59-2.73 (m, 4H) 3.04-3.20 (m, 4H) 5.41
(s,2H) 6.35(d,J=8.78 Hz, 1H) 7.10 (dd, J=8.78,2.93 Hz, 1H)
7.57 (d, J=2.64 Hz, 1H). LCMS (ESI) 196 (M+H).

tert-butyl (4R)-5-(6-nitro-3-pyridyl)-2,5-diazabicyclo
[2.2.1]heptane-2-carboxylate
[0215]



US 2014/0142306 Al

[0216] tert-butyl (4R)-5-(6-nitro-3-pyridyl)-2,5-diazabi-
cyclo[2.2.1heptane-2-carboxylate was synthesized in a man-
ner similar to that used in the synthesis of 2-nitro-5-[4-(1-
piperidyl)-1-piperidyl|pyridine. 1H NMR (600 MHz,
DMSO-dy) d ppm 1.33 (d, J=32.21 Hz, 11H) 1.91 (m, 2H)
3.15(d, J=10.25 Hz, 1H) 3.58 (m, 1H) 4.46 (m, 1H) 4.83 (s,
1H) 7.16 (s, 1H) 7.94 (s, 1H) 8.05-8.16 (m, 1H).

tert-butyl (4R)-5-(6-amino-3-pyridyl)-2,5-diazabicy-
clo[2.2.1]heptane-2-carboxylate

[0217]
(0]
o—{
‘% -
N
@
/N
NH,
[0218] tert-butyl (4R)-5-(6-amino-3-pyridyl)-2,5-diazabi-

cyclo[2.2.1heptane-2-carboxylate was prepared in a manner
similar to that used in the synthesis of 5-(4-methylpiperazin-
1-yDpyridin-2-amine. 1H NMR (600 MHz, DMSO-d) &
ppm 1.31 (d, J=31.91 Hz, 11H) 1.83 (m, 2H) 2.71-2.82 (m,
1H)3.44 (m, 1H) 4.30(d, 2H) 5.08 (s, 2H) 6.35 (d, J=8.78 Hz,
1H) 6.77-6.91 (m, 1H) 7.33 (s, 1H). LCMS (ESI) 291 (M+H).

N,N-dimethyl-1-(6-nitro-3-pyridyl)piperidin-4-
amine

[0219]
\ N
/ @N 4@7 -
[0220] N,N-dimethyl-1-(6-nitro-3-pyridyl)piperidin-4-

amine was synthesized in a manner similar to that used in the
synthesis of 2-nitro-5-[4-(1-piperidyl)-1-piperidyl|pyridine.
1H NMR (600 MHz, DMSO-dy) & ppm 1.30-1.45 (m, 2H)
1.79 (m, 2H) 2.14 (s, 6H) 2.33 (m, 1H) 2.92-3.04 (m, 2H) 4.03
(d, I=13.76 Hz, 2H) 7.42 (dd, J=9.22,3.07 Hz, 1H) 8.04-8.11
(m, 1H) 8.21 (d, I=2.93 Hz, 1H).

5-[4-(dimethylamino)-1-piperidyl]|pyridin-2-amine

[0221]
N
\
/N N / \ NH,
[0222] 5-[4-(dimethylamino)-1-piperidyl]pyridin-2-amine

was prepared in a manner similar to that used in the synthesis
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of 5-(4-methylpiperazin-1-yl)pyridin-2-amine. 1H NMR
(600 MHz, DMSO-d,) d ppm 1.35-1.50 (m, 2H) 1.69-1.81
(m, 2H) 2.00-2.10 (m, 1H) 2.11-2.22 (s, 6H) 3.17-3.36 (m,
4H) 5.19-5.38 (s, 2H) 6.34 (d, J=8.78 Hz, 1H) 7.10 (dd,
J=8.78, 2.93 Hz, 1H) 7.55 (d, J=2.63 Hz, 1H). LCMS (ESI)
221 (M+H).

4-(6-nitro-3-pyridyl)morpholine

[0223]
N/ N\
0 N NO,
[0224]  4-(6-nitro-3-pyridyl)morpholine was synthesized in

a manner similar to that used in the synthesis of 2-nitro-5-[4-
(1-piperidyl)-1-piperidyl|pyridine.

5-morpholinopyridin-2-amine

[0225]
/Nl N\
0 N NH,
[0226] 5-morpholinopyridin-2-amine was prepared in a

manner similar to that used in the synthesis of 5-(4-meth-
ylpiperazin-1-yl)pyridin-2-amine. 1H NMR (600 MHz,
CHLOROFORM-d) d ppm 2.91-3.00 (m, 4H) 3.76-3.84 (m,
4H)4.19 (br.s., 2H) 6.45 (d, J=8.78 Hz, 1H) 7.12 (dd, J=8.78,
2.93 Hz, 1H) 7.72 (d, J=2.93 Hz, 1H).

5-(4-isobutylpiperazin-1-yl)pyridin-2-amine

N N{N>7NH2
{ L/

[0228] 1-isobutyl-4-(6-nitro-3-pyridyl)piperazine was
synthesized in a manner similar to that used in the synthesis of
2-nitro-5-[4-(1-piperidyl)-1-piperidyl]pyridine which was
then converted 5-(4-isobutylpiperazin-1-yl)pyridin-2-amine
in a manner similar to that used in the synthesis of 5-(4-
methylpiperazin-1-yl)pyridin-2-amine. 1H NMR (600 MHz,
CHLOROFORM-d) 8 ppm 0.88 (d, J=6.73 Hz, 6H) 1.71-1.84
(m, 1H) 2.10 (d, J=7.32 Hz, 2H) 2.46-2.58 (m, 4H) 2.97-3.07
(m, 4H)4.12 (s, 2H) 6.45 (d, J=8.78 Hz, 1H) 7.14 (dd, J=8.78,
2.93 Hz, 1H) 7.75 (d, J=2.93 Hz, 1H). LCMS (ESI) 235
(M+H).

[0227]
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5-(4-isopropylpiperazin-1-yl)pyridin-2-amine
[0229]

N N/N\ NIL,
\__/ _

[0230] 1-isopropyl-4-(6-nitro-3-pyridyl)piperazine  was
synthesized in a manner similar to that used in the synthesis of
2-nitro-5-[4-(1-piperidyl)-1-piperidyl]pyridine which was
then converted to 5-(4-isopropylpiperazin-1-yl)pyridin-2-
amine in a manner similar to that used in the synthesis of
5-(4-methylpiperazin-1-yl)pyridin-2-amine. 1H NMR (600
MHz, CHLOROFORM-d) d ppm 1.06 (d, J=6.44 Hz, 6H)
2.59-2.75 (m, 5H) 2.97-3.10 (m, 4H) 4.13 (s, 2H) 6.45 (d,
J=8.78 Hz, 1H) 7.15 (dd, J=9.08,2.93 Hz, 1H) 7.76 (d,J=2.93
Hz, 1H). LCMS (ESD) 221 (M+H).

5-[(2R,6S)-2,6-dimethylmorpholin-4-yl|pyridin-2-

amine
[0231]
o N / A NH,
[0232] (2S,6R)-2,6-dimethyl-4-(6-nitro-3-pyridyl)mor-

pholine was synthesized in a manner similar to that used in the
synthesis of 2-nitro-5-[4-(1-piperidyl)-1-piperidyl|pyridine
which was then converted to 5-[(2R,6S)-2,6-dimethylmor-
pholin-4-yl|pyridin-2-amine in a manner similar to that used
in the synthesis of 5-(4-methylpiperazin-1-yl)pyridin-2-
amine. IHNMR (600 MHz, CHLOROFORM-d) & ppm 1.20
(d, J=6.44 Hz, 6H) 2.27-2.39 (m, 2H) 3.11-3.21 (m, 2H)
3.70-3.84 (m, 2H) 4.15 (s, 2H) 6.45 (d, I=8.78 Hz, 1H) 7.12
(dd, J=8.78, 2.93 Hz, 1H) 7.72 (d, J=2.63 Hz, 1H). LCMS
(ESI) 208 (M+H).

5-[(3R,5S5)-3,5-dimethylpiperazin-1-yl|pyridin-2-

amine
[0233]
N
: S \
HN N / \ NH,
}R_/ —
[0234] (3S,5R)-3,5-dimethyl-1-(6-nitro-3-pyridyl)pipera-

zine was synthesized in a manner similar to that used in the
synthesis of 2-nitro-5-[4-(1-piperidyl)-1-piperidyl|pyridine
which was then converted to 5-[(3R,5S)-3,5-dimethylpiper-
azin-1-yl]pyridin-2-amine in a manner similar to that used in
the synthesis of 5-(4-methylpiperazin-1-yl)pyridin-2-amine.
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1H NMR (600 MHz, CHLOROFORM-d) & ppm 1.09 (d,
J=6.44 Hz, 6H) 2.20 (t, 7=10.83 Hz, 2H) 2.95-3.08 (m, 2H)
3.23 (dd, J=11.71, 2.05 Hz, 2H) 4.13 (s, 2H) 6.45 (d, J=8.78
Hz, 1H) 7.14 (dd, I=8.78, 2.93 Hz, 1H) 7.73 (d, J=2.63 Hz,
1H). LCMS (EST) 207 (M+H).

N NH

Intermediate 1A

Cl

tert-butyl N-[2-[(5-bromo-2-chloro-pyrimidin-4-y1)
amino]-3-methyl-butyl]carbamate

[0235]
Br
N/I
)\ NH 0
Cl N N \(
(6]
[0236] A solution of intermediate A in ethanol (100 mL.)

was hydrogenated under 30 psi of hydrogen using 10% Pd/C
(0.7 g) in a pressure bomb for 7 hrs. After filtration of the
reaction mixture through CELITE™, the organic layer was
concentrated under vacuum to afford tert-butyl N-(2-amino-
3-methyl-butyl)carbamate (3.8 g).

[0237] To a solution of 5-bromo-2.4-dichloro-pyrimidine
7.11 g (0.0312 mole) in ethanol (100 mL.) was added diiso-
propylethyl amine 5.45 mL (1.0 eq) and tert-butyl N-(2-
amino-3-methyl-butyl)carbamate 6.31 g (0.0312 mole). The
reaction mixture was stirred at room temperature for 20 hrs.
After concentration under vacuum, ethyl acetate and water
was added. The organic layer was separated, dried with mag-
nesium sulfate and then concentrated under vacuum. The
crude product was purified by column chromatography using
hexane/ethyl acetate (0-30%) over silica gel to afford tert-
butyl  N-[2-[(5-bromo-2-chloro-pyrimidin-4-yl)amino]-3-
methyl-butyl]carbamate. 1H NMR (600 MHz, DMSO-d,) 6
ppm 0.77-0.85 (d, J=6.5 Hz, 3H) 0.87 (d, J=6.73 Hz, 3H)
1.31-1.39 (m, 9H) 1.82-1.93 (m, 1H) 2.94 (d, J=5.56 Hz, 1H)
3.08-3.22 (m, 2H) 3.98 (d, J=8.20 Hz, 1H) 6.96 (d, J=8.78 Hz,
1H) 8.21 (s, 1H). LCMS (ESI) 393 (M+H).

tert-butyl N-[2-[2-chloro-6-(diethoxymethyl)pyrrolo
[2,3-d]pyrimidin-7-yl]-3-methyl-butyl|carbamate

[0238]

Cl
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[0239] tert-butyl N-[2-[2-chloro-6-(diethoxymethyl)pyr-
rolo[2,3-d]pyrimidin-7-yl]-3-methyl-butyl|carbamate ~ was
synthesized by subjecting tert-butyl N-[2-[(5-bromo-2-
chloro-pyrimidin-4-yl)amino]-3-methyl-butyl|carbamate to
Sonogoshira conditions as described for tert-butyl N-[2-[[2-
chloro-5-(3,3-diethoxyprop-1-ynyl)pyrimidin-4-yl]Jamino]
ethyl|carbamate followed by subsequent treatment with
TBAF as described in the synthesis of tert-butyl N-[2-[2-
chloro-6-(diethoxymethyl)pyrrolo[2,3-d]|pyrimidin-7-yl1]
ethyl|carbamate. IHNMR (600 MHz, DMSO-d,) d ppm 1.11
(d,J=6.44Hz,3H) 1.18 (t,J=7.03 Hz, 6H) 1.21-1.26 (m, 12H)
2.88 (br. s., 1H)3.43-3.78 (m, 6H) 3.97-4.08 (m, 1H) 5.61 (s,
1H) 6.65 (s, 1H) 6.71-6.78 (m, 1H) 8.87 (s, IH). LCMS (ESI)
441 (M+H).

7-[1-[ (tert-butoxycarbonylamino )methyl]-2-methyl-
propyl]-2-chloro-pyrrolo[2,3-dipyrimidine-6-car-
boxylic acid

[0240]
=
N
%COZH
o Sy N
H
N.
o\(
\6 O
[0241] To a solution tert-butyl N-[2-[[2-chloro-5-(3,3-di-

ethoxyprop-1-ynyl)pyrimidin-4-yljamino]ethyl|carbamate
in THF was added TBAF and the contents refluxed for 3 hrs.
Ethyl acetate and water was then added and the organic layer
separated, dried with magnesium sulfate and then concen-
trated under vacuum. To this crude reaction was added acetic
acid/water (9:1) and then contents stirred for 12 hrs at room
temperature. After concentration under vacuum, sat NaHCO,
and ethyl acetate was then added. The organic layer was
separated, dried and then concentrated under vacuum. The
crude reaction product thus obtained was dissolved in DMF,
oxone was then added and the contents stirred for 3 hrs. After
addition of ethyl acetate, the reaction mixture was filtered
through CELITE™ and concentrated under vacuum. Column
chromatography of the crude product over silica gel using
hexane/ethyl acetate (0-100%) afforded 7-[1-[(tert-butoxy-
carbonylamino)methyl]-2-methyl-propyl]-2-chloro-pyrrolo
[2,3-d]pyrimidine-6-carboxylic acid. 1H NMR (600 MHz,
DMSO-d,) d ppm 0.85 (d, J=7.03 Hz, 3H) 0.97 (d, J=6.73 Hz,
3H) 1.52 (s, 9H) 1.99-2.23 (m, 1H) 3.98 (dd, J=14.05, 3.51
Hz, 1H) 4.47-4.71 (m, 2H) 7.47 (s, 1H) 9.17 (s, 1H). LCMS
(ESI) 383 (M+H).

Intermediate 1A

[0242] To  7-[1-[(tert-butoxycarbonylamino)methyl]-2-
methyl-propyl]-2-chloro-pyrrolo[2,3-d]pyrimidine-6-car-

boxylic acid 0.050 g (0.00013 mole) in DCM (1.5 mL) was
added DIC (32.7 mg) and DMAP (10 mg). The contents were
stirred for 2 hrs. Trifluoroacetic acid (0.4 mL) was then added
and stirring continued for an additional 30 minutes. After
addition of satd NaHCO3 to neutralize the excess acid, ethyl
acetate was then added and the organic layer separated, dried
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using magnesium sulfate and then concentrated under
vacuum. The crude product was column chromatographed
over silica gel using hexane/ethyl acetate (0-100%) to atford
Intermediate 1A. IHNMR (600 MHz, DMSO-d,) 8 ppm 0.72
(d,J=6.73 Hz,3H) 0.97 (d, J=6.73 Hz, 3H) 2.09-2.22 (m, 1H)
3.57 (dd, J=13.18,4.98 Hz, 1H) 3.72 (dd, J=13.61, 4.25 Hz,
1H) 4.53 (dd, J=8.05, 3.95 Hz, 1H) 7.20 (s, 1H) 8.34 (d,
J=4.98 Hz, 1H) 9.08 (s, 1H). LCMS (ESI) 265 (M+H).

N NH

Intermediate 1B

Cl

[0243] Intermediate C was hydrogenated with 10% Pd/C to
afford the intermediate tert-butyl N-[(2R)-2-amino-3-me-
thyl-butyl|carbamate, which was then treated with 5-bromo-
2,4-dichloro-pyrimidine using analogous reaction conditions
as described for Intermediate 1A to afford intermediate 1B.
The analytical data is consistent with that reported for the
racemate (Intermediate 1A).

N \\/NH

Intermediate 1C

Cl

) ‘o,

[0244] Intermediate D was hydrogenated with 10% Pd/C to
afford the intermediate tert-butyl N-[(2S)-2-amino-3-methyl-
butyl]|carbamate, which was then treated with 5-bromo-2.4-
dichloro-pyrimidine using analogous reaction conditions as
described for Intermediate 1 A to afford intermediate 1C. The
analytical data (NMR and LCMS) was consistent with that
reported for the racemate (intermediate 1A).

N \\/N—

Intermediate 1CA

Cl

[0245] To a solution of Intermediate 1A (80 mg, 0.00030
mole) in DMF (3 mL) was added a 60% dispersion of sodium
hydride in oil (40 mg). After stirring for 15 minutes, methyl
iodide (37 puL, 2 eq) was added. The contents were stirred at
room temperature for 30 minutes. Satd NaHCO3 was then
added followed by ethyl acetate. The organic layer was dried
with magnesium sulfate and then concentrated under vacuum
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to afford intermediate 1AA. 'H NMR (600 MHz, DMSO-d,)
d ppm 0.74 (d, J=6.73 Hz, 3H) 0.91 (d, J=6.73 Hz, 3H)
2.04-2.20 (m, 1H) 3.04 (s, 3H) 3.69 (dd, J=13.76, 1.17 Hz,
1H) 3.96 (dd, J=13.76, 4.68 Hz, 1H) 4.58 (dd, J=7.32, 3.51
Hz, 1H) 7.16 (s, 1H) 9.05 (s, 1H). LCMS (ESI) 279 (M+H).

N \\/NH

Intermediate 1D

Cl

\r/l/,,'

tert-butyl N-[(2S)-2-[(5-bromo-2-chloro-pyrimidin-
4-yl)amino]-4-methyl-pentyl]carbamate

[0246]
Br
N
PNy :
S ‘<
Cl N NH HN
[0247] Intermediate G was hydrogenated with 10% Pd/C in

ethanol under a blanket of hydrogen at 50 psi in a pressure
bomb to afford tert-butyl N-[(2S)-2-amino-4-methyl-pentyl]
carbamate which was then reacted with 5-bromo-2,4-
dichloro-pyrimidine using analogous reaction conditions as
described for tert-butyl N-[2-[(5-bromo-2-chloro-pyrimidin-
4-yl)amino]-3-methyl-butyl]carbamate to afford tert-butyl
N-[(2S)-2-[(5-bromo-2-chloro-pyrimidin-4-yl)amino]-4-
methyl-pentyl|carbamate. 1H NMR (600 MHz, CHLLORO-
FORM-d) d ppm 0.91 (d, J=6.44 Hz, 3H) 0.94 (d, ]=6.44 Hz,
3H)1.32-1.51 (m, 11H) 1.55-1.67 (m, 1H) 3.28 (t, J=5.86 Hz,
2H) 4.21-4.42 (m, 1H) 4.84 (s, 1H) 5.84 (d, J=7.32 Hz, 1H)
8.07 (s, 1H). LCMS (ESI) 407 (M+H).

OEt

/ OFEt
N7 Z
Py A
Cl \N NH HN‘<
Y

May 22, 2014

[0248] To a solution of tert-butyl N-[(2S)-2-[(5-bromo-2-
chloro-pyrimidin-4-yl)amino|-4-methyl-pentyl|carbamate

5.0 g (12.3 mmole) in toluene (36 mL) and triethyl amine (7.2
ml.) was added under nitrogen, 3,3-diethoxyprop-1-yne 2.8
mL (19.7 mmole), Pd,(dba), 1.1 g (1.23 mmole), and triph-
enylarsine 3.8 g (12.3 mmole). The contents were heated to 70
degrees for 24 hrs. After cooling to room temperature, the
reaction mixture was filtered through CELITE™ and then
concentrated under vacuum. The crude product was col-
umned over silica gel using hexane/ethyl acetate (0-30%) to
afford (2S)—N2-[2-chloro-5-(3,3-diethoxyprop-1-ynyl)py-
rimidin-4-yl]-4-methyl-pentane-1,2-diamine. LCMS (ESI)

455 (M+H).
mCOZH
a” Ny N
N
0
\ﬁ\g

[0249] 7-[(1S)-1-[(tert-butoxycarbonylamino)methyl]-3-
methyl-butyl]-2-chloro-pyrrolo[2,3-d]pyrimidine-6-car-
boxylic acid was synthesized using analogous synthetic
sequence as that described for 7-[1-[(tert-butoxycarbony-
lamino)methyl]-2-methyl-propyl]-2-chloro-pyrrolo[2,3-d]
pyrimidine-6-carboxylic acid. 1H NMR (600 MHz, DMSO-
ds) d ppm 0.88 (d, J=6.44 Hz, 3H) 0.97 (d, J=6.44 Hz, 3H)
1.47 (s, 9H) 1.49-1.54 (m, 1H) 1.56 (t, J=7.17 Hz, 2H) 3.98
(dd, J=13.91, 3.07 Hz, 1H) 3.76 (dd, J=13.31, 4.13 Hz, 1H)
438 (d, J=14.05 Hz, 1H) 4.90 (t, J=7.17 Hz, 1H) 7.41 (s, 1H)
9.11 (s, 1H). LCMS (M+H) 397.

[0250] Intermediate 1D was synthesized using an analo-
gous synthetic sequence as that described for intermediate
1A. IHNMR (600 MHz, DMSO-d,) & ppm 0.82 (d, J=6.73
Hz,3H) 0.97 (d, J=6.44 Hz, 3H) 1.34-1.46 (m, 1H) 1.48-1.65
(m, 2H) 3.40 (dd, J=13.32, 5.42 Hz, 1H) 3.76 (dd, J=13.47,
4.10 Hz, 1H) 4.76-4.92 (m, 1H) 7.17 (s, 1H) 8.34 (d, J=5.27
Hz, 1H) 9.04 (s, 1H). LCMS (ESI) 279 (M+H).

T/

Intermediate 1DA

Cl

[0251] Intermediate 1DA was synthesized in a manner
similar to that described for 1CA. '"H NMR (600 MHz,
DMSO-dy) 8 ppm 0.82 (d, J=6.44 Hz, 3H) 0.97 (d, J=6.44 Hz,
3H) 1.37-1.68 (m, 3H) 3.04 (s, 3H) 3.56 (d, I=13.47 Hz, 1H)
4.00 (dd, J=13.32, 4.25 Hz, 1H) 4.82-4.94 (m, 1H) 7.16 (s,
1H) 9.03 (s, 1H). LCMS (ESI) 293 (M+H)
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Intermediate 1E

tert-butyl N-[(2S)-2-[(5-bromo-2-chloro-pyrimidin-
4-yl)amino]-3-methyl-pentyl]carbamate

[0252]
Br
NF
PNy :
S ‘<
Cl N NH HN
[0253] Intermediate I was hydrogenated using 10% Pd/C

under hydrogen at 50 psi in a pressure vessel to afford tert-
butyl N-[(2S)-2-amino-3-methyl-pentyl|carbamate which
was reacted with 5-bromo-2,4-dichloro-pyrimidine using
analogous reaction conditions as described for tert-butyl
N-[2-[(5-bromo-2-chloro-pyrimidin-4-yl)amino]-3-methyl-
butyl]|carbamate to afford tert-butyl N-[(2S)-2-[(5-bromo-2-
chloro-pyrimidin-4-yl)amino]-3-methyl-pentyl|carbamate.
1H NMR (600 MHz, CHLOROFORM-d) 8 ppm 0.88-0.95
(m, 6H) 1.11-1.20 (m, 1H) 1.34 (s, 9H) 1.44-1.54 (m, 1H)
1.64-1.72 (m, 1H)3.17-3.27 (m, 1H) 3.33-3.43 (m, 1H)4.11-
4.21(m, 1H)4.81 (s, 1H) 5.92 (d, J=8.20Hz, 1H) 8.05 (s, 1H).
LCMS (ESI) 407.

tert-butyl N-[(2S)-2-[[2-chloro-5-(3,3-diethoxyprop-
1-ynyD)pyrimidin-4-yl]lamino]-3-methyl-pentyl]car-

bamate
[0254]
OEt
% OEt
NZ
K g
S ‘<
Cl N NH HN
%
[0255] tert-butyl N-[(2S)-2-[[2-chloro-5-(3,3-diethox-

yprop-1-ynyl)pyrimidin-4-yl]Jamino|-3-methyl-pentyl]|car-

May 22, 2014

bamate was synthesized using similar experimental condi-
tions to that used in the synthesis of (2S)—N2-[2-chloro-5-
(3,3-diethoxyprop-1-ynyl)pyrimidin-4-yl]-4-methyl-
pentane-1,2-diamine. IHNMR (600 MHz, DMSO-d,) 6 ppm
0.76-0.89 (m, 6H) 1.03 (q, J=7.22 Hz, 3H) 1.10-1.17 (m, 3H)
1.25-1.42 (m, 11H) 1.59-1.73 (m, 1H) 3.35-3.47 (m, 4H)
3.51-3.73 (m, 2H)3.99-4.11 (m, 1H) 5.52-5.56 (m, 1H) 6.76-
7.03 (m, 2H) 8.12-8.23 (m, 1H). LCMS (ESI) 455 (M+H).

7-[(18)-1-[(tert-butoxycarbonylamino )methyl]-2-
methyl-butyl]-2-chloro-pyrrolo[2,3-d]pyrimidine-6-
carboxylic acid

[0256]

[0257] 7-[(1S)-1-[(tert-butoxycarbonylamino)methyl]-2-
methyl-butyl]-2-chloro-pyrrolo[2,3-d]pyrimidine-6-car-
boxylic acid was synthesized using analogous synthetic
sequence as that described for 7-[1-[(tert-butoxycarbony-
lamino)methyl]-2-methyl-propyl]-2-chloro-pyrrolo[2,3-d]
pyrimidine-6-carboxylic acid. 1H NMR (600 MHz, DMSO-
dg) d ppm 0.80 (t, J=7.47 Hz, 3H) 0.86 (d, J=7.03 Hz, 3H)
1.06-1.30 (m, 2H) 1.48 (s, 9H) 1.79-1.96 (m, 1H) 3.95 (dd,
J=14.05,3.22 Hz, 1H)4.52 (d,J=14.35Hz, 1H) 4.61-4.73 (m,
1H) 7.43 (s, 1H) 9.13 (s, 1H). LCMS (ESI) 397 (M+H).

[0258] Intermediate 1E was synthesized using an analo-
gous synthetic sequence as that described for intermediate
1A. 1H NMR (600 MHz, DMSO-d,) d ppm 0.74 (t, J=7.32
Hz,3H) 0.89 (d, J=6.73 Hz, 3H) 1.00-1.12 (m, 2H) 1.82-1.94
(m, 1H) 3.55 (dd, J=13.91, 4.83 Hz, 1H) 3.70 (dd, J=13.61,
4.25Hz,1H)4.57 (dd,1=7.91,4.10Hz, 1H) 7.17 (s, 1H) 8.31
(d, J=5.27 Hz, 1H) 9.05 (s, 1H). LCMS (ESI) 279 (M+H).

N N—

Intermediate 1EA

Cl

[0259] Intermediate 1EA was synthesized in a manner
similar to Intermediate 1CA. 1H NMR (600 MHz, DMSO-
dg) 8 ppm 0.77 (t, J=7.47 Hz, 3H) 0.84 (d, J=6.73 Hz, 3H)
1.07-1.16 (m, 2H) 1.82-1.95 (m, 1H) 3.03 (s, 3H) 3.68 (d,
J=13.76 Hz, 1H) 3.96 (dd, J=13.76, 439 Hz, 1H) 4.59-4.70
(m, 1H) 7.16 (s, 1H) 9.04 (s, 1H). LCMS (ESI) 293 (M+H).
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Intermediate 1F

tert-butyl N-[(2S)-2-[(5-bromo-2-chloro-pyrimidin-
4-ylamino]-3,3-dimethyl-butyl|carbamate

[0260]
Br
N
K :
~ ‘<
Cl N NH HN
[0261] Intermediate J was hydrogenated using 10% Pd/C

under hydrogen at 50 psi in a pressure vessel to afford tert-
butyl N-[(2S)-2-amino-3,3-dimethyl-butyl|carbamate which
was then reacted with 5-bromo-2.4-dichloro-pyrimidine
using analogous reaction conditions as described using analo-
gous reaction conditions as described for tert-butyl N-[2-[(5-
bromo-2-chloro-pyrimidin-4-yl)amino]-3-methyl-butyl]car-
bamate to afford tert-butyl N-[(2S)-2-[(5-bromo-2-chloro-
pyrimidin-4-yl)amino]-3,3-dimethyl-butyl|carbamate.
LCMS (ESI) 407 (M+H).

tert-butyl N-[(2S)-2-[[2-chloro-5-(3,3-diethoxyprop-
1-ynyl)pyrimidin-4-yllamino]-3,3-dimethyl-butyl]
carbamate

[0262]

OEt

/ OFEt
N7 Z
Py X
Cl \N NH HN‘<
Y
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[0263] tert-butyl N-[(2S)-2-[[2-chloro-5-(3,3-diethox-
yprop-1-ynyl)pyrimidin-4-yl]amino]-3,3-dimethyl-butyl]
carbamate was synthesized using similar experimental con-
ditions to that used in the synthesis of (2S)—N2-[2-chloro-
5-(3,3-diethoxyprop-1-ynyl)pyrimidin-4-yl]-4-methyl-
pentane-1,2-diamine. LCMS (ESI) 455 (M+H).

7-[(18)-1-[(tert-butoxycarbonylamino )methyl]-2,2-
dimethyl-propyl]-2-chloro-pyrrolo[2,3-d|pyrimidine-
6-carboxylic acid

T

>

[0265] 7-[(1S)-1-[(tert-butoxycarbonylamino)methyl]-2,
2-dimethyl-propyl]-2-chloro-pyrrolo[2,3-d|pyrimidine-6-
carboxylic acid was synthesized using analogous synthetic
sequence as that described for 7-[1-[(tert-butoxycarbony-
lamino)methyl]-2-methyl-propyl]-2-chloro-pyrrolo[2,3-d]
pyrimidine-6-carboxylic acid. LCMS (ESI) 397 (M+H).
[0266] Intermediate 1F was synthesized using an analo-

gous synthetic sequence as that described for intermediate
1A.LCMS (ESI) 279 (M+H).

[0264]

Cl

Intermediate 1FA

[0267] Intermediate 1FA was synthesized in a manner simi-
lar to that described for Intermediate 1CA. LCMS (ESI) 293
(M+H).

Intermediate 1G
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tert-butyl N-[(2S)-2-[(5-bromo-2-chloro-pyrimidin-
4-yDamino]-2-phenyl-ethyl|carbamate

e
KX LA

[0268]

[ jl/, n,

[0269] Intermediate J was hydrogenated using 10% Pd/C
under hydrogen at 50 psi in a pressure vessel to afford tert-
butyl N-[(2S)-2-amino-2-phenyl-ethyl|carbamate which was
then reacted with 5-bromo-2.4-dichloro-pyrimidine using
analogous reaction conditions as described using analogous
reaction conditions as described for tert-butyl N-[2-[(5-
bromo-2-chloro-pyrimidin-4-yl)amino]-3-methyl-butyl]car-
bamate to afford tert-butyl N-[(2S)-2-[(5-bromo-2-chloro-
pyrimidin-4-yl)amino]-2-phenyl-ethyl]carbamate. 1H NMR
(600 MHz, DMSO-d) d ppm 1.32 (s, 9H) 3.29-3.50 (m, 2H)
5.12-5.24 (m, 1H) 7.10 (t,J=5.27 Hz, 1H) 7.21 (t, ]=6.88 Hz,
1H) 7.26-7.34 (m, 4H) 7.89 (d, J=7.32 Hz, 1H) 8.24 (s, 1H).
LCMS (ESI) 427 (M+H).

tert-butyl N-[(2S)-2-[[2-chloro-5-(3,3-diethoxyprop-
1-ynyl)pyrimidin-4-yl]amino]-2-phenyl-ethyl]|car-

bamate
[0270]
OEt
4 OEt
NZ |
)\ NH 0
[0271] tert-butyl N-[(2S)-2-[[2-chloro-5-(3,3-diethox-

yprop-1-ynyl)pyrimidin-4-yl]amino]-2-phenyl-ethyl|car-
bamate was synthesized using similar experimental condi-
tions to that used in the synthesis of (2S)—N2-[2-chloro-5-
(3,3-diethoxyprop-1-ynyl)pyrimidin-4-yl]-4-methyl-
pentane-1,2-diamine. IHNMR (600 MHz, DMSO-d,) 6 ppm
1.14(t,J=7.03 Hz, 6H) 1.32 (s, 9H)3.39 (s, 2H) 3.52-3.61 (m,
2H) 3.64-3.73 (m, 2H) 5.17-5.26 (m, 1H) 5.57 (s, 1H) 7.07-
7.14 (m, 1H) 7.20-7.25 (m, 1H) 7.26-7.33 (m, 4H) 7.90 (d,
J=7.61 Hz, 1H) 8.19 (s, 1H). LCMS (ESI) 475 (M+H).
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7-[(18)-2-(tert-butoxycarbonylamino)-1-phenyl-
ethyl]-2-chloro-pyrrolo[2,3-d|pyrimidine-6-carboxy-
lic acid
[0272]
=
N
m—COZH
x N o
o \\/§\( 7(
& Y
[0273] 7-[(1S)-2-(tert-butoxycarbonylamino)-1-phenyl-

ethyl]-2-chloro-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid
was synthesized using analogous synthetic sequence as that
described for 7-[1-[(tert-butoxycarbonylamino)methyl]-2-
methyl-propyl]-2-chloro-pyrrolo[2,3-d]pyrimidine-6-car-
boxylic acid. LCMS (ESI) 417 (M+H).

Intermediate 1G

[0274] Intermediate 1G was synthesized using an analo-
gous synthetic sequence as that described for intermediate
1A. 1H NMR (600 MHz, DMSO-d,) d ppm 3.58-3.69 (m,
1H) 4.13 (dd, J=13.47,4.39 Hz, 1H) 6.07 (d, J=3.81 Hz, 1H)
6.85 (d, J=7.32 Hz, 2H) 7.19-7.31 (m, 3H) 7.34 (s, 1H) 8.27
(d, J=5.27 Hz, 1H) 9.13 (s, 1H). LCMS (ESI) 299 (M+H).

N NH

Intermediate 1H

tert-butyl N-[(1S)-1-[[(5-bromo-2-chloro-pyrimidin-
4-yl)amino|methyl]-2-methyl-propyl]carbamate

[0275]
cl/I\N NH HN\(O%
\\5; \

[0276] tert-butyl N-[(1S)-1-[[(5-bromo-2-chloro-pyrimi-
din-4-yl)amino|methyl]-2-methyl-propyl|carbamate ~ was
synthesized using 5-bromo-2,4-dichloro-pyrimidine and
Intermediate E using analogous reaction conditions as
described for tert-butyl N-[2-[(5-bromo-2-chloro-pyrimidin-
4-ylamino|-3-methyl-butyl]carbamate. 1H NMR (600
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MHz, CHLOROFORM-d) & ppm 0.95-1.02 (m, 6H) 1.35-1.
45 (m, 9H) 1.75-1.90 (m, 1H) 3.35-3.48 (m, 1H) 3.52-3.61
(m, 1H) 3.64-3.76 (m, 1H) 4.56 (d, J=8.49 Hz, 1H) 6.47 (s,
1H) 8.07 (s, 1H). LCMS (ESI) 393 (M+H).

tert-butyl N-[(1S)-1-[[[2-chloro-5-(3,3-diethox-
yprop-1-ynyl)pyrimidin-4-yl|amino|methyl]-2-me-
thyl-propyl|carbamate

[0277]
OEt
% OEt
N/
. ﬁ it
[0278] tert-butyl  N-[(1S)-1-[[[2-chloro-5-(3,3-diethox-

yprop-1-ynyl)pyrimidin-4-yl]amino]|methyl]-2-methyl-pro-

pyl]carbamate was synthesized using similar experimental
conditions to that used in the synthesis (2S)—N2-[2-chloro-
5-(3,3-diethoxyprop-1-ynyl)pyrimidin-4-yl]-4-methyl-pen-

tane-1,2-diamine. 1H NMR (600 MHz, CHLOROFORM-d)
d ppm 0.90-1.00 (m, 6H) 1.18-1.25 (m, 6H) 1.34-1.36 (m,
9H) 1.69-1.90 (m, 1H) 3.34-3.82 (m, 6H) 4.53-4.77 (m, 1H)
5.45-5.55 (m, 1H) 6.37 (dd, J=15.37, 6.59 Hz, 1H) 6.56 (s,
1H) 8.05 (s, 1H). LCMS (ESI) 441 (M+H).

7-[(28)-2-(tert-butoxycarbonylamino)-3-methyl-
butyl]-2-chloro-pyrrolo[2,3-d|pyrimidine-6-carboxy-

lic acid
[0279]
>/c1
coH N
[0280] 7-[(2S)-2-(tert-butoxycarbonylamino)-3-methyl-

butyl]-2-chloro-pyrrolo[2,3-d]|pyrimidine-6-carboxylic acid
was synthesized using analogous synthetic sequence as that
described for 7-[1-[(tert-butoxycarbonylamino)methyl]-2-
methyl-propyl]-2-chloro-pyrrolo[2,3-d]pyrimidine-6-car-
boxylic acid. 1H NMR (600 MHz, CHLOROFORM-d) 9
ppm 0.90 (d, J=6.73 Hz, 3H) 0.96 (d, J=7.03 Hz, 3H) 1.55-
1.66 (m, 10H) 4.14 (dd, J=13.61,3.95 Hz, 1H) 4.52-4.63 (m,
1H)4.84 (dd, J=13.61, 1.32 Hz, 1H) 7.37 (s, 1H) 8.95 (s, 1H).
LCMS (ESI) 383 (M+H).
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Intermediate H

[0281] Intermediate 1H was synthesized using an analo-
gous synthetic sequence as that described for intermediate
1A.LCMS (ESI) 265 (M+H).

Intermediate 11

[0282] Intermediate 11 was synthesized using 5-bromo-2,
4-dichloro-pyrimidine and Intermediate F as starting materi-
als, and following a similar sequence of synthetic steps as for
intermediate 1H. The analytical data was consistent with that
described for its antipode (intermediate 1H). 1H NMR (600
MHz, DMSO-d,) & ppm 0.88 (d, J=6.44 Hz, 6H) 1.73-1.86
(m, 1H) 3.67-3.76 (m, 2H) 4.11-4.21 (m, 1H) 7.13-7.19 (m,
1H) 8.56 (s, 1H) 9.05 (s, 1H). LCMS (ESI) 265 (M+H).

NZ 0
ﬁ\/

Intermediate 17

tert-butyl N-[2-[(5-bromo-2-chloro-pyrimidin-4-y1)
amino|-2-methyl-propyl]carbamate

A

[0283]

[0284] tert-butyl N-[2-[(5-bromo-2-chloro-pyrimidin-4-
yDamino]-2-methyl-propyl|carbamate was  synthesized
using 5-bromo-2,4-dichloro-pyrimidine and tert-butyl N-(2-
amino-2-methyl-propyl)carbamate using analogous reaction
conditions as described for tert-butyl N-[2-[(5-bromo-2-
chloro-pyrimidin-4-yl)amino|-3-methyl-butyl]|carbamate.
LCMS (ESI) 379 (M+H).
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tert-butyl N-[2-[[2-chloro-5-(3,3-diethoxyprop-1-
ynyl)pyrimidin-4-yl]amino]-2-methyl-propyl]car-

bamate
[0285]
OEt
4 OEt
NZ |
/I\ NH 0
R A §
(6]
[0286] tert-butyl N-[2-[[2-chloro-5-(3,3-diethoxyprop-1-

ynyl)pyrimidin-4-yl]amino]-2-methyl-propyl|carbamate
was synthesized using similar experimental conditions to that
used in the synthesis of (2S)—N2-[2-chloro-5-(3,3-diethox-
yprop-1-ynyl)pyrimidin-4-yl]-4-methyl-pentane-1,2-di-
amine. |H NMR (600 MHz, DMSO-d,) d ppm 1.11-1.22 (m,
6H)1.31-1.45 (m, 15H) 3.10-3.24 (m, 2H) 3.51-3.76 (m, 4H)
5.60 (s, 1H) 6.94 (s, 1H) 7.33 (t, J=6.44 Hz, 1H) 8.18 (s, 1H).
LCMS (ESI) 427 (M+H).

7-|2-(tert-butoxycarbonylamino)-1,1-dimethyl-
ethyl]-2-chloro-pyrrolo[2,3-d]pyrimidine-6-carboxy-
lic acid

NZ
m C(:H 0
T

[0287)]

[0288] 7-[2-(tert-butoxycarbonylamino)-1,1-dimethyl-
ethyl]-2-chloro-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid
using analogous synthetic sequence as that described for
7-[1-[(tert-butoxycarbonylamino)methyl]-2-methyl-pro-
pyl]-2-chloro-pyrrolo| 2,3-d]pyrimidine-6-carboxylic  acid.
1H NMR (600 MHz, DMSO-d,) & ppm 1.43 (s, 9H) 1.73 (s,
6H) 4.06 (s, 2H) 7.46 (s, 1H) 9.23 (s, 1H). LCMS (ESI) 369
(M+H).

Intermediate 1J

[0289] Intermediate 1] was synthesized using an analogous
synthetic sequence as that described for intermediate 1A. 1H
NMR (600 MHz, DMSO-d,) & ppm 1.73 (s, 6H) 3.50 (d,
J=2.93 Hz, 2H) 7.25 (s, 1H) 8.46-8.55 (m, 1H) 9.07 (s, 1H).
LCMS (ESI) 251 (M+H).

28
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Intermediate 1K

tert-butyl N-[[ 1-[(5-bromo-2-chloro-pyrimidin-4-yl)
amino |cyclohexyl|methyl|carbamate

g
X, oA

[0291] tert-butyl N-[[1-[(5-bromo-2-chloro-pyrimidin-4-
yDamino]cyclohexyl|methyl|carbamate was synthesized
using 5-bromo-2,4-dichloro-pyrimidine and Intermediate K
using analogous reaction conditions as described for tert-
butyl  N-[2-[(5-bromo-2-chloro-pyrimidin-4-yl)amino]-3-
methyl-butyl]carbamate. 1H NMR (600 MHz, DMSO-d,) 6
ppm 1.18-1.54 (m, 17H) 2.23 (d, J=14.35 Hz, 2H) 3.36 (d,
J=6.44 Hz, 2H) 5.82 (s, 1H) 6.93 (s, 1H) 8.22 (s, 1H). LCMS
(ESI) 419 (M+H).

[0290]

Cl

tert-butyl N-[[1-[[2-chloro-5-(3,3-diethoxyprop-1-
ynyl)pyrimidin-4-ylJamino]cyclohexyl|methyl|car-

bamate
[0292]
OEt
4 OEt
NZ |
c1)\ N NH 0 7{
o
(@]
[0293] tert-butyl N-[[1-[[2-chloro-5-(3,3-diethoxyprop-1-

ynyl)pyrimidin-4-ylJamino]cyclohexyl|methyl|carbamate
was synthesized using similar experimental conditions to that
used in the synthesis of (2S)—N2-[2-chloro-5-(3,3-diethox-
yprop-1-ynyl)pyrimidin-4-yl]-4-methyl-pentane-1,2-di-
amine. |H NMR (600 MHz, DMSO-d,) d ppm 1.08-1.16 (m,
6H) 1.17-1.54 (m, 17H) 2.13 (br. s., 2H) 3.36 (d, J=6.73 Hz,
2H) 3.50-3.69 (m, 4H) 5.72 (s, 1H) 6.94 (s, 1H) 5.72 (br. s.,
1H) 8.17 (s, 1H). LCMS (ESI) 467 (M+H).
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7-[1-[(tert-butoxycarbonylamino )methyl]cyclo-
hexyl]-2-chloro-pyrrolo[2,3-d]pyrimidine-6-car-
boxylic acid

[0294]

[0295] 7-[1-[(tert-butoxycarbonylamino)methyl|cyclo-
hexyl]-2-chloro-pyrrolo[2,3-d]pyrimidine-6-carboxylic acid
was synthesized using analogous synthetic sequence as that
described for 7-[1-[(tert-butoxycarbonylamino)methyl]-2-
methyl-propyl]-2-chloro-pyrrolo[2,3-d]pyrimidine-6-car-
boxylic acid. lHNMR (600 MHz, DMSO-d,) 6 ppm 1.37-1.
54 (m, 13H) 1.75 (br. s., 4H) 2.74 (br. s., 2H) 3.78-3.84 (m,
2H)7.44-7.51 (m, 1H) 8.23 (s, 1H) 9.11 (s, 1H). LCMS (ESI)
409 (M+H).

Intermediate K

[0296] Intermediate 1K was synthesized using an analo-
gous synthetic sequence as that described for intermediate
1A. ITHNMR (600 MHz, DMSO-d,) 8 ppm 1.28 (br. s., 2H)
1.42 (br.s., 2H) 1.70 (br. 5., 4H) 1.85-1.95 (m, 2H) 2.69 (m,
2H) 7.16-7.25 (m, 1H) 8.41 (br. s., 1H) 9.04 (s, 1H). LCMS

201 (M+H).
N7 0
I~
N

Cl N NH

tert-butyl N-[[1-[(5-bromo-2-chloro-pyrimidin-4-yl)
amino|cyclopentyl|methyl|carbamate

N NH HN\\SX

[0298] tert-butyl N-[[1-[(5-bromo-2-chloro-pyrimidin-4-
yDamino]cyclopentyl|methyl|carbamate was synthesized
using 5-bromo-2,4-dichloro-pyrimidine and Intermediate L.
using analogous reaction conditions as described for tert-
butyl  N-[2-[(5-bromo-2-chloro-pyrimidin-4-yl)amino]-3-

[0297)]

Cl
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methyl-butyl]carbamate. 1H NMR (600 MHz, DMSO-d,) 6
ppm 1.34 (s, 9H) 1.50-1.58 (m, 2H) 1.63-1.78 (m, 4H) 1.96-
2.06 (m, 2H) 3.25 (d, J=6.15 Hz, 2H) 6.71 (s, 1H) 7.18 (t,
J=6.29 Hz, 1H) 8.20 (s, 1H). LCMS (ESI) 405 (M+H).

tert-butyl N-[[1-[[2-chloro-5-(3,3-diethoxyprop-1-
ynyl)pyrimidin-4-yllamino]|cyclopentyl|methyl|car-

bamate
[0299]
OFt
7 OFt
NZ |
Cl)\N NH 07{
“~

[0300] tert-butyl N-[[1-[[2-chloro-5-(3,3-diethoxyprop-1-
ynyl)pyrimidin-4-ylJamino]cyclopentyl |methyl|carbamate
was synthesized using similar experimental conditions to that
used in the synthesis of (2S)—N2-[2-chloro-5-(3,3-diethox-
yprop-1-ynyl)pyrimidin-4-yl]-4-methyl-pentane-1,2-di-
amine. LCMS (ESI) 453 (M+H).

7-[1-[ (tert-butoxycarbonylamino )methyl|cyclopen-
tyl]-2-chloro-pyrrolo[2,3-d]pyrimidine-6-carboxylic
acid

[0301]

[0302] 7-[1-[(tert-butoxycarbonylamino)methyl]cyclo-
pentyl]-2-chloro-pyrrolo[2,3-d]|pyrimidine-6-carboxylic
acid was synthesized using analogous synthetic sequence as
that described for 7-[1-[(tert-butoxycarbonylamino)methyl]-
2-methyl-propyl]-2-chloro-pyrrolo[2,3-d]pyrimidine-6-car-
boxylic acid. 1H NMR (600 MHz, DMSO-d,) d ppm 1.47 (s,
9H) 1.74 (br.s.,2H) 1.88 (br.s., 2H) 2.04 (br.s., 2H) 2.41-2.45
(m, 2H) 4.06 (s, 2H) 7.45 (s, 1H) 9.11 (s, 1H). LCMS (ESI)
395 (M+H).

Intermediate 1L

[0303] Intermediate 11. was synthesized using an analo-
gous synthetic sequence as that described for intermediate
1A. ITHNMR (600 MHz, DMSO-d) 8 ppm 1.72 (br. s., 2H)
1.86-1.93 (m, 2H) 1.99 (d, I=3.81 Hz, 2H) 2.40 (br. s., 2H)
3.48 (d, J=2.34 Hz, 2H) 7.22 (s, 1H) 8.53 (br. 5., 1H) 9.05 (s,
1H). LCMS (ESI) 277 (M+H).
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Intermediate 1M

N NH

tert-butyl N-[2-[(5-bromo-2-chloro-pyrimidin-4-y1)
amino |-4-methyl-pentyl|carbamate

[0304]
Br
NZ |
)\
Cl N NH (6]
(6]
[0305] tert-butyl N-[2-[(5-bromo-2-chloro-pyrimidin-4-

ylamino]-4-methyl-pentyl|carbamate was synthesized using
5-bromo-2,4-dichloro-pyrimidine and Intermediate B using
analogous reaction conditions as described for tert-butyl
N-[2-[(5-bromo-2-chloro-pyrimidin-4-yl)amino]-3-methyl-
butyl]|carbamate. The analytical data is consistent with that
described for the L-enantiomer.

tert-butyl N-[2-[[2-chloro-5-(3,3-diethoxyprop-1-
ynyl)pyrimidin-4-yl]amino]-4-methyl-pentyl]car-

bamate
[0306]
OEt
4 OEt
NZ |
)\
Cl N NH (6]
(6]
[0307] tert-butyl N-[2-[[2-chloro-5-(3,3-diethoxyprop-1-

ynyl)pyrimidin-4-yl]amino]-4-methyl-pentyl]carbamate
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was synthesized using similar experimental conditions to that
used in the synthesis of tert-butyl N-[2-[[2-chloro-5-(3,3-
diethoxyprop-1-ynyl)pyrimidin-4-ylJamino]ethyl]|carbam-
ate. IHNMR (600 MHz, CHLOROFORM-d) d ppm 1.21-1.
31 (m, 12H) 1.38-1.46 (m, 11H) 1.70 (m, 1H) 3.24 (m, 2H)
3.65-3.82 (m, 4H)4.86 (brs., 1H), 5.65 (s, 1H) 5.85 (brs., 1H)
6.94 (s, 1H) 8.21 (s, 1H). LCMS (ESI) 455 (M+H).

7-[1-[(tert-butoxycarbonylamino)methyl]-3-methyl-
butyl]-2-chloro-pyrrolo[2,3-d|pyrimidine-6-carboxy-
lic acid

[0308]
z
N
m7 COH
a” Ny N 0 07(
X
(6]
[0309] 7-[1-[(tert-butoxycarbonylamino)methyl]-3-me-

thyl-butyl]-2-chloro-pyrrolo[2,3-d|pyrimidine-6-carboxylic

acid was synthesized using analogous synthetic sequence as
that described for 7-[1-[(tert-butoxycarbonylamino)methyl]-
2-methyl-propyl]-2-chloro-pyrrolo[2,3-d]pyrimidine-6-car-

boxylic acid. The analytical data was consistent with that
described for the L-isomer.

Intermediate 1M

[0310] Intermediate 1M was synthesized using an analo-
gous synthetic sequence as that described for intermediate
1A. The analytical data was consistent with that described for
the L-isomer.

N N—

Intermediate IMA

Cl

[0311] To a solution of Intermediate 1M (100 mg, 0.00024
mole) in DMF (3.0 mL) was added sodium hydride (60%
dispersion in oil), (27.6 mg, 3 eq). After stirring for 15 mins,
methyl iodide (30, 2 eq) was added. The contents were stirred
at room temperature for 30 mins. After the addition of sat
NaHCO;, ethyl acetate was added. Separation of the organic
layer followed by drying with magnesium sulfate and con-
centration under vacuum afforded the intermediate 1MA.
Analytical data was similar to the Intermediate 1DA.
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Intermediate 1N

tert-butyl N-[(1S,2S)-2-[(5-bromo-2-chloro-pyrimi-
din-4-yl)amino]cyclopentyl|carbamate

[0312]

[0313] tert-butyl N-[(1S,2S5)-2-[(5-bromo-2-chloro-pyri-
midin-4-yl)amino|cyclopentyl]carbamate was synthesized
by treating tert-butyl N-[(1S,2S5)-2-aminocyclopentyl|car-
bamate with 5-bromo-2,4-dichloro-pyrimidine using analo-
gous reaction conditions as described for tert-butyl N-[2-[(5-
bromo-2-chloro-pyrimidin-4-yl)amino]-3-methyl-butyl]
carbamate. 1H NMR (600 MHz, DMSO-d,) 6 ppm 1.27 (s,
9H) 1.42-1.54 (m, 2H) 1.56-1.65 (m, 2H) 1.80-1.88 (m, 1H)
1.96-2.01 (m, 1H) 3.88-3.96 (m, 1H) 4.03-4.09 (m, 1H) 6.91
(d, 1=8.20 Hz, 1H) 7.41 (d, J=7.32 Hz, 1H) 8.18 (s, 1H).
LCMS (ESI) 391 (M+H).

tert-butyl N-[(1S,2S)-2-[[2-chloro-5-(3,3-diethox-
yprop-1-ynyl)pyrimidin-4-yl]amino]cyclopentyl]

carbamate
[0314]
LO
SN
O
HN%
[0315] tert-butyl N-[(1S,2S)-2-[[2-chloro-5-(3,3-diethox-

yprop-1-ynyl)pyrimidin-4-yl]amino]cyclopentyl]carbamate
was synthesized using similar experimental conditions to that
used in the synthesis of (2S)—N2-[2-chloro-5-(3,3-diethox-
yprop-1-ynyl)pyrimidin-4-yl]-4-methyl-pentane-1,2-di-
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amine. 1H NMR (600 MHz, DMSO-d) 6 ppm 1.13 (t, 6H)
1.28 (s, 9H) 1.42-1.52 (m, 2H) 1.58-1.65 (m, 2H) 1.81-1.90
(m, 1H) 1.99-2.08 (m, 1H) 3.49-3.60 (m, 2H) 3.63-3.71 (m,
2H)3.84-3.93 (m, 1H)3.96-4.04 (m, 1H) 5.53 (s, 1H) 6.96 (d,
J=7.90 Hz, 1H) 7.34 (d, J=7.03 Hz, 1H) 8.14 (s, 1H). LCMS
(ESI) 439 (M+H).

7-[(18,28)-2-(tert-butoxycarbonylamino)cyclopen-
tyl]-2-chloro-pyrrolo[2,3-d]pyrimidine-6-carboxylic
acid

[0316]

[0317] 7-[(18,28)-2-(tert-butoxycarbonylamino)cyclo-
pentyl]-2-chloro-pyrrolo[2,3-d]|pyrimidine-6-carboxylic
acid was synthesized using analogous synthetic sequence as
that described for 7-[1-[(tert-butoxycarbonylamino)methyl]-
2-methyl-propyl]-2-chloro-pyrrolo[2,3-d]pyrimidine-6-car-
boxylic acid. 1H NMR (600 MHz, DMSO-d,) 6 ppm 1.41-1.
52 (m, 9H) 1.55-1.68 (m, 1H) 1.88-2.00 (m, 2H) 2.05-2.15
(m, 1H) 2.26-2.35 (m, 1H) 2.71-2.89 (m, 1H) 4.01-4.16 (m,
1H)4.28-4.45 (m, 1H) 7.41 (s, 1H) 9.11 (s, I1H). LCMS (ESI)
381 (M+H).

Intermediate 1N

[0318] Intermediate 1N was synthesized using an analo-
gous synthetic sequence as that described for intermediate
1A. 1H NMR (600 MHz, DMSO-d,) d ppm 1.48-1.60 (m,
1H) 1.88-1.98 (m, 3H) 1.99-2.08 (m, 1H) 2.66-2.75 (m, 1H)
3.63-3.74 (m, 1H) 3.99-4.12 (m, 1H) 7.21 (s, 1H) 8.89 (s, 1H)
9.04 (s, 1H). LCMS (ESI) 263 (M+H).

Example 3

Example Compounds

[0319]
Compound 1
\N/\
k/N | D SR | \ o
NNy N NH

[0320] To 0.050 g (0.225 mmole) chloro tricycliclactam in
dioxane (2.0 mL) under nitrogen was added 5-(4-methylpip-
erazin-1-yl)pyridin-2-amine 0.052 g (1.2 eq, 0.270 mmole)
followed by the addition of Pd,(dba); (18.5 mg), BINAP (25
mg) and sodium-tert-butoxide (31 mg , 0.324 mmole). The
contents of the flask are degassed for 10 minutes and then
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heated to 100 degrees for 12 hours. The crude reaction was
loaded on a silica gel column and eluted with DCM/MeOH
(0-15%) to afford the desired product (26 mg). To this com-
pound dissolved in DCM/MeOH (10%) was added 3N HCl in
iso-propanol (2 eq) and stirred overnight. Concentration
under vacuum afforded the hydrochloride salt. "HNMR (d6-
DMSO) 11.13 (brs, 1H), 9.07 (s, 1H), 8.42 (s, 1H), 8.03 (brm
1H), 7.99 (s, 1H), 7.67 (brm, 1H), 7.18 (s, 1H), 4.33 (m, 2H),
3.79 (m, 2H), 3.64 (m, 2H), 3.50 (m, 2H), 3.16 (m, 4H), 2.79
(s, 3H). LCMS (ESI) 379 (M+H)

I
T~
\_/

[0321] To chloro tricycliclactam 0.075 g (0.338 mmole) in
dioxane 3.5 mL under nitrogen was added tert-butyl 4-(6-
amino-3-pyridyl)piperazine-1-carboxylate 0.098 g (1.05 eq)
followed by the addition of Pd,(dba); (27 mg) and BINAP (36
mg) and sodium-tert-butoxide (45 mg). The contents were
refluxed for 11 hrs. The crude reaction was loaded on a silica
gel column and eluted with DCM/MeOH (0-10%) to afford
the desired product (32 mg). '"HNMR (d6-DMSO) 9.48 (s,
1H), 8.84 (s, 1H), 8.29 (s, 1H), 8.18 (s, 1H), 7.99 (s, 1H), 7.42
(m, 1H), 6.98 (s, 1H), 4.23 (m, 2H), 3.59 (m, 2H), 3.45 (m,
4H), 3.50 (m, 2H), 3.05 (m, 4H). LCMS (ESI) 465 (M+H)

Compound 2

Compound 3
HN/\
K/N | D | \ o
NNy N NH

[0322] To asolution of Compound 2 (23 mg) in 10% DCM/
MeOH was added 10 mL of a 3M solution of HCI in iso-
propanol. The contents were stirred overnight for 16 hrs.
Concentration of the reaction mixture afforded the hydro-
chloride salt. "HNMR (d6-DMSQ) 9.01 (s, 1H), 7.94 (m, 1H),
7.86 (m, 1H), 7.23 (s, 1H), 4.30 (m, 2H), 3.64 (m, 2H), 3.36
(m, 4H), 3.25 (m, 4H). LCMS (ESI) 465 (M+H)

Compound 4
e}
%O)I\N/ﬁ
N
k/ N NZ [e)

L0~

N7 N N N—
\__/

[0323] To chloro-N-methyltricyclic amide 0.080 g (0.338
mmole) in dioxane 3.5 ml under nitrogen was added tert-
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butyl 4-(6-amino-3-pyridyl)piperazine-1-carboxylate 0.102
g (1.1 eq) followed by the addition of Pd,(dba); (27 mg),
BINAP (36 mg) and sodium-tert-butoxide (45 mg). The con-
tents were refluxed for 11 hrs. The crude product was purified
using column chromatography with an eluent of dichlo-
romethane/methanol (0-5%) to afford the desired product (44
mg). "HNMR (d6-DMS0) 9.49 (s, 1H), 8.85 (s, 1H), 8.32 (m,
1H), 8.02 (s, 1H), 7.44 (m, 1H), 7.00 (s, 1H), 4.33 (m, 2H),
3.80 (m, 2H), 3.48 (m, 4H), 3.07 (m, 4H), 3.05 (s, 3H), 1.42
(s, 9H). LCMS (ESI) 479 (M+H)

Compound 5

[0324] To32mgofCompound 4 was added 10 mIL 3N HCL
in isopropanol and the contents stirred at room temperature
overnight for 16 hrs. Concentration afforded the hydrochlo-
ride salt. 'HNMR (d6-DMSO) 9.13 (m, 2H), 8.11 (m, 1H),
8.10(s, 1H),7.62 (m, 1H),7.21 (s, 1H), 4.43 (m, 2H), 3.85 (m,
2H), 3.41 (m, 4H), 3.28 (m, 4H), 3.08 (s, 3H). LCMS (ESI)
379 (M+H)

Compound 6
0
%O)I\N/ﬁ
K/N | Ny NP | N\
ANy N NI

[0325] Compound 6 was synthesized using similar experi-
mental conditions to that described for compound 2. ITHNMR
(600 MHz, DMSO-d,) d ppm 0.79 (d, J=7.03 Hz, 3H) 1.01 (d,
J=6.73 Hz,3H) 1.35-1.48 (m, 9H) 2.16 (dd, J=14.64,6.73 Hz,
1H) 3.00-3.14 (m, 4H) 3.40-3.51 (m, 4H) 3.51-3.60 (m, 1H)
3.63-3.74 (m, 1H) 4.44 (dd, J=7.90,3.81 Hz, 1H) 6.99 (s, 1H)
7.46 (dd, 1=8.93, 2.78 Hz, 1H) 7.94-8.09 (m, 2H) 8.31 (dd,
J=9.08, 1.46 Hz, 1H) 8.85 (s, 1H) 9.46 (s, 1H). LCMS (ESI)
507 (M+H).

\N
O D S \ 0
LTI~

N N NH

Compound 7
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[0326] Compound 7 was synthesized using similar experi-
mental conditions to that described for compound 1 and was
recovered as an HCl salt. 1H NMR (600 MHz, DMSO-d,) 6
ppm 0.77-0.86 (m, 3H) 0.96 (d, J=7.03 Hz, 3H) 2.10-2.24 (m,
1H) 3.07 (s, 3H) 3.37-3.79 (m, 8H) 4.00 (dd, J=13.61, 4.54
Hz, 2H) 4.63-4.73 (m, 1H) 7.20 (s, 1H) 7.58-7.71 (m, 1H)
7.99 (d, J=2.34 Hz, 1H) 8.12 (d, J=9.37 Hz, 1H) 9.11 (s, 1H)
9.41 (br. s., 2H) 11.76 (br. s., 1H). LCMS (ESI) 421 (M+H).

Compound 8

0
K/N Xy NWO
YUY .

N N NH

[0327] Compound 8 was synthesized using similar experi-
mental conditions to that described for compounds 2 and 3
and was recovered as an HCI salt. The characterization data
(NMR and LCMS) was consistent with that reported for
compound 9.

Compound 9

e
k/N Xy N/IHO
Uy .

N N NH
H

[0328] Compound 9 was synthesized using similar experi-
mental conditions to that described for compounds 2 and 3
and was recovered as an HCI salt. 1H NMR (600 MHz,
DMSO-d,) d ppm 0.79 (d, J=6.73 Hz, 3H) 1.01 (d, J=6.73 Hz,
3H) 2.18 (dd, J=14.49, 7.17 Hz, 1H) 3.18-3.84 (m, 10H)
4.53-4.71 (m, 1H) 7.24 (s, 1H) 7.65 (d, I=9.37 Hz, 1H) 8.01
(d, I=2.64 Hz, 1H) 8.14 (d, J=1.46 Hz, 1H) 8.35 (d, J=5.27
Hz, 1H) 9.14 (s, 1H) 9.46 (s, 2H) 11.80 (s, 1H) LCMS (ESI)
407 (M+H).

Compound 10

@
k/N Xy NWO
owes

NH
H \_/

) Illl 4,
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[0329] Compound 10 was synthesized using similar experi-
mental conditions to that described for compounds 2 and 3
and was recovered as an HCI salt. 1H NMR (600 MHz,
DMSO-d,) d ppm 0.77 (d, J=7.03 Hz, 3H) 0.99 (d, J=6.73 Hz,
3H)2.10-2.24 (m, 1H) 3.18-3.81 (m, 10H) 4.54-4.69 (m, 1H)
7.22 (s, 1H) 7.63 (d, J=9.08 Hz, 1H) 7.99 (d, J=2.63 Hz, 1H)
8.11 (s, 1H) 8.33 (d, J=5.27 Hz, 1H) 9.12 (s, 1H) 9.43 (s, 2H)
11.77 (s, 1H). LCMS (ESI) 407 (M+H).

Compound 11
)
k/N Xy N7 \ 0
LI

PN (

[0330] Compound 11 was synthesized using similar experi-
mental conditions to that described for compounds 2 and 3
and was recovered as an HCI salt. 1H NMR (600 MHz,
DMSO-d,) d ppm 0.84 (d, J=6.73 Hz, 3H) 0.98 (d, J=6.73 Hz,
3H) 2.12-2.26 (m, 1H) 3.09 (s, 3H) 3.22-3.81 (m, 8H) 4.01
(dd, J=13.61, 4.25 Hz, 2H) 4.59-4.72 (m, 1H) 7.19 (s, 1H)
7.74 (s, 1H) 7.96-8.10 (m, 2H) 9.08 (s, 1H) 9.22 (s, 2H).
LCMS (ESI) 421 (M+H).

Compound 12

N
\N N/ \ O
I I~

N NH
" \__/

\(lll' ,

[0331] Compound 12 was synthesized using similar experi-
mental conditions to that described for compound 1 and was
recovered as an HCl salt. IH NMR (600 MHz, DMSO-d,) 6
ppm 0.85 (d, J=4.98 Hz, 3H) 0.95 (d, J=4.98 Hz, 3H) 1.42-
1.70 (m, 3H) 2.77 (d, J=2.93 Hz,3H) 3.07-4.14 (m, 10H) 4.95
(s, 1H) 7.20 (s, 1H) 7.66 (d, J=9.66 Hz, 1H) 7.94 (s, 1H)
8.08-8.16 (m, 1H) 8.33 (d, J=4.68 Hz, 1H) 9.09 (s, 1H) 11.38
(s, 1H) 11.71 (s, 1H). LCMS (ESI) 435 (M+H).
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Compound 13
HN/\
k/N | \ N N / | \ O
S LI

[0332] Compound 13 was synthesized using similar experi-
mental conditions to that described for compounds 2 and 3
and was recovered as an HCI salt. 1H NMR (600 MHz,
DMSO-d,) d ppm 0.87 (d, J=6.15 Hz, 3H) 0.94 (d, J=6.15 Hz,
3H) 1.57 (d, I=84.61 Hz, 3H) 3.05 (s, 3H) 3.13-3.55 (m, 8H)
3.69 (d, I=78.17 Hz, 2H) 4.90 (s, 1H) 7.15 (s, 1H) 7.63-7.85
(m, 1H) 7.93 (s, 1H) 8.26 (s, 1H) 9.03 (s, 1H) 9.20 (s, 2H).
LCMS (ESI) 421 (M+H).

Compound 14

\N/\
k/N XN NZ \ 0
I I~

\(//I/,'

[0333] Compound 14 was synthesized using similar experi-
mental conditions to that described for compound 1 and was
recovered as an HCl salt. 1H NMR (600 MHz, DMSO-d,) 6
ppm 0.85 (d, J=6.44 Hz, 3H) 0.95 (d, J=6.44 Hz, 3H) 1.43-
1.70 (m, 3H) 2.78 (d, J=2.93 Hz, 3H) 3.05 (s, 3H) 3.24-3.84
(m, 8H) 4.01 (d, I=9.66 Hz, 2H) 4.89-5.01 (m, 1H) 7.15 (s,
1H) 7.77 (s, 1H) 7.91-8.05 (m, 2H) 9.03 (s, 1H) 10.96-11.55
(m, 2H). LCMS (ESI) 449 (M+H).

Compound 15

May 22, 2014

[0334] Compound 15 was synthesized using similar experi-
mental conditions to that described for compounds 2 and 3
and was recovered as an HCI salt. 1H NMR (600 MHz,
DMSO-d,) & ppm 0.83-0.88 (d, J=6.15 Hz, 3H) 0.95 (d,
J=6.15Hz, 3H) 1.40-1.71 (m, 3H) 3.28-3.83 (m, 8H) 4.00 (d,
J=3.22Hz,2H)4.91-5.08 (m, 1H) 7.17 (s, 1H) 7.68 (d, J=9.66
Hz, 1H) 7.93 (s, 1H) 8.07 (s, 1H) 9.06 (s, 1H) 9.40 (s, 2H)
11.59 (s, 1H). LCMS (ESI) 435 (M+H).

Compound 16

\N/\

~ LTI
F )\ N

N N L/NH

th’h.

[0335] To intermediate 1E 0.060 g (0.205 mmole) was
added 5-(4-methylpiperazin-1-yl)pyridin-2-amine 35.42 mg
(0.9 eq) followed by the addition of 1,4-dioxane (3 mL). After
degassing with nitrogen, Pd, dba; (12 mg), BINAP (16 mg)
and sodium tert-butoxide (24 mg) were added. The contents
were then heated at 90 degrees in a CEM Discovery micro-
wave for 3 hrs. The reaction is then loaded over a silica gel
column and purified by eluting with DCM/MeOH (0-15%) to
afford compound 16. 1H NMR (600 MHz, DMSO-d) 8 ppm
0.75(t,J=7.47Hz,3H) 0.91 (d, J=6.73 Hz, 3H) 1.04-1.20 (m,
2H) 1.80-1.98 (m, 1H) 2.77 (d, J=3.81 Hz, 3H) 2.94-3.90 (m,
10H) 4.54-4.68 (m, 1H) 7.06-7.23 (m, 2H) 7.56-7.75 (m, 1H)
7.90-8.12 (m, 2H) 8.29 (s, 1H) 9.07 (s, 1H) 10.98-11.74 (m,
2H). LCMS (ESI) 435 (M+H).

Compound 17
HN/\
N
k/ | XN NWO
F )\ N

N N \\/NH

H n,,

[0336] Compound 17 was synthesized in a similar manner
to that described for compound 16 followed by the deblock-
ing step described for compound 3 and was converted to an
HCI salt. 1H NMR (600 MHz, DMSO-dg) & ppm 0.75 (t,
J=7.32 Hz, 3H) 0.90 (d, J=6.73 Hz, 3H) 1.07-1.15 (m, 2H)
1.85-1.94 (m, 1H)3.17-3.75 (m, 10H) 4.58-4.67 (m, 1H) 7.17
(s, 1H) 7.71 (s, 1H) 7.96 (s, 1H) 7.98-8.05 (m, 1H) 8.28 (d,
J=4.10 Hz, 1H) 9.06 (s, 1H) 9.39 (s, 2H). LCMS (ESI) 421
(M+H).
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Compound 18

[0337] Compound 18 was synthesized in a similar manner
to that described for compound 16. 1H NMR (600 MHz,
DMSO-dy) d ppm 0.78 (t, I=7.32 Hz, 3H) 0.86 (d, J=6.73 Hz,
3H) 1.13-1.21 (m, 2H) 1.84-1.96 (m, 1H) 2.77 (d, J=4.39 Hz,
3H) 3.04 (s, 3H) 3.11-3.84 (m, 8H) 3.98 (dd, J=13.61, 4.25
Hz, 2H) 4.66-4.74 (m, 1H) 7.17 (s, 1H) 7.64 (s, 1H) 7.96 (d,
J=2.34 Hz, 1H) 8.03-8.13 (m, 1H) 9.08 (s, 1H) 11.26 (s, 1H)
11.66 (s, 1H). LCMS (ESI) 449 (M+H).

Compound 19

[0338] Compound 19 was synthesized in a similar manner
to that described for compound 16 followed by the deblock-
ing step described for compound 3 and was converted to an
HCI salt. '"H NMR (600 MHz, DMSO-dy) 8 ppm 0.78 (t,
J=7.32 Hz, 3H) 0.85 (d, J=6.73 Hz, 3H) 1.10-1.27 (m, 2H)
1.82-1.99 (m, 1H) 3.04 (s, 3H) 3.28-3.77 (m, 8H) 3.97 (dd,
J=13.91, 4.54 Hz, 2H) 4.62-4.75 (m, 1H) 7.07-7.24 (m, 1H)
7.62-7.75 (m, 1H) 7.94 (d, J=2.34 Hz, 1H) 7.97-8.08 (m, 1H)
9.05 (s, 1H) 9.29 (s, 2H). LCMS (ESI) 435 (M+H).

Compound 20

[0339] Compound 20 was synthesized in a similar manner
to that described for compound 16 followed by the deblock-
ing step described for compound 3 and was converted to an
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HCl salt. "H NMR (600 MHz, DMSO-d) 8 ppm 0.96 (s, 9H)
3.15-3.87 (m, 10H) 4.42-4.53 (m, 1H) 6.99 (s, 1H) 7.24 (s,
1H)8.06 (s, 1H) 8.11-8.21 (m, 1H) 8.79-8.98 (m, 2H) 9.25 (s,
2H) 9.88 (s, 1H). LCMS (ESI) 421 (M+H).

Compound 21

[0340] Compound 21 was synthesized in a similar manner
to that described for compound 16 followed by the deblock-
ing step described for compound 3 and was converted to an
HCl salt. IHNMR (600 MHz, DMSO-d,) d ppm 0.95 (s, 9H)
2.79 (d, J=4.10 Hz, 3H) 3.06-3.86 (m, 10H) 4.56-4.67 (m,
1H) 7.17 (s, 1H) 7.70 (s, 1H) 7.96 (d, J=2.63 Hz, 1H) 7.99-
8.08 (m, 1H) 8.26 (s, 1H) 9.06 (s, 1H) 10.80 (s, 1H). LCMS
(ESI) 435 (M+H).

Compound 22
\N/\
N
k/ | XN NWO
F /I\ N

N N \\/NH

Ol'l"'.

[0341] Compound 22 was synthesized in a similar manner
to that described for compound 16 and was converted to an
HCI salt. 1H NMR (600 MHz, DMSO-d,) d ppm 2.75-2.81
(m, 3H) 3.12-3.16 (m, 2H) 3.46-3.54 (m, 4H) 3.60-3.69 (m,
2H) 3.72-3.79 (m, 1H) 4.07-4.18 (m, 2H) 6.06-6.09 (m, 1H)
6.90 (d, J=7.61 Hz, 2H) 7.20-7.31 (m, 3H) 7.33 (s, 1H)
7.49-7.55 (m, 1H) 7.62-7.70 (m, 1H) 7.92 (d, J=2.93 Hz, 1H)
8.22 (s, 1H) 9.14 (s, 1H). LCMS (ESI) 455 (M+H).

Compound 23

HN/\

~ LTI
F )\ N

N N \\/NH

[ jl/, te,
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[0342] Compound 23 was synthesized in a similar manner
to that described for compound 16 followed by the deblock-
ing step described for compound 3 and was converted to an
HCl salt. "H NMR (600 MHz, DMSO-dy) 8 ppm 3.21 (s, 4H)
3.35-3.67 (m, 5H) 4.07-4.20 (m, 2H) 6.13 (s, 1H) 6.90 (d,
J=7.32Hz,2H)7.22-7.31 (m,3H)7.36 (s, 1H) 7.48 (d, J=9.37
Hz, 1H) 7.93 (d, J=2.34 Hz, 1H) 8.04-8.11 (m, 1H) 8.25 (d,
J=4.98 Hz, 1H) 9.17 (s, 1H) 11.77 (br, 5., 1H). LCMS (ESI)
441 (M+H).

Compound 24

HN/\

~ LTI
S )\ N

N N NH
H

[0343] Compound 24 was synthesized in a similar manner
to that described for compound 16 followed by the deblock-
ing step described for compound 3 and was converted to an
HCI salt. 'H NMR (600 MHz, DMSO-d,) 8§ ppm 0.90 (d,
J=6.15 Hz, 6H) 1.72-1.89 (m, 1H) 3.15-3.92 (m, 9H) 4.10-4.
46 (m, 2H) 7.18 (s, 1H) 7.59 (d, J=8.78 Hz, 1H) 8.00 (s, 1H)
8.13 (d, J=9.37 Hz, 1H) 8.55 (s, 1H) 9.09 (s, 1H) 9.67 (s, 2H)
11.91 (s, 1H). LCMS (ESI) 407 (ESD).

Compound 25

)

k/N | Xy NWO
F N)\ N

N NH
H

T“““’(

[0344] Compound 25 was synthesized in a manner similar
to compound 24 and was converted to an HCI salt. The char-
acterization data (NMR and LCMS) was similar to that
obtained for the antipode compound 24.

Compound 26

1@
)X\/
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[0345] Compound 26 was synthesized in a similar manner
to that described for compound 16 followed by the deblock-
ing step described for compound 3 and was converted to an
HCl salt. "H NMR (600 MHz, DMSO-dy) 8 ppm 1.78 (s, 6H)
3.40-3.53 (m, 6H) 3.64-3.73 (m, 4H) 7.27 (s, 1H) 7.66 (d,
J=9.37 Hz, 1H) 7.98 (d, J=2.34 Hz, 1H) 8.12 (br. 5., 1H) 8.47
(br. s., 1H) 9.11 (s, 1H) 9.45 (br. s., 2H) 11.62 (br. s., 1H).
LCMS (ESI) 393 (M+H).

Compound 27

\N/\

~ LTI
A )\ N

N N NH

[0346] Compound 27 was synthesized in a similar manner
to that described for compound 16 and was converted to an
HCl salt. 1H NMR (600 MHz, DMSO-d,) & ppm 1.47 (br. s.,
6H)1.72 (br.s., 2H) 1.92 (br. s., 2H) 2.77 (br. s., 3H) 3.18 (br.
s., 2H) 3.46 (br. s., 2H) 3.63 (br. s., 2H) 3.66 (d, J=6.15 Hz,
2H)3.80 (br.s., 2H) 7.25 (s, 1H) 7.63 (br. 5., 2H) 7.94 (br. s.,
1H)8.10(br.s., 1H)8.39 (br.s., 1H) 9.08 (br.s., 1H) 11.59 (br.
s., 1H). LCMS (ESI) 447 (M+H).

Compound 29
\N/\
N
k/ | XN NWO
A )\ N

N N NH

[0347] Compound 28 was synthesized in a similar manner
to that described for compound 16 followed by the deblock-
ing step described for compound 3 and was converted to an
HCl salt. *"H NMR (600 MHz, DMSO-d,) 8 ppm 1.27-1.64
(m, 6H) 1.71 (br. s., 2H) 1.91 (br. s., 2H) 2.80 (br. s., 1H)
3.17-3.24 (m, 2H) 3.41 (br. s.,4H) 3.65 (br. s., 4H) 7.26 (br. 5.,
1H)7.63 (br. s., 1H) 7.94 (br. s., 1H) 8.13 (br. 5., 1H) 8.40 (br.
s., 1H) 9.09 (br. s., 1H) 9.62 (br. s., 1H) 11.71 (br. s., 1H).

LCMS (ESI) 433 (M+H). . 130
ompoun

T



US 2014/0142306 Al

[0348] Compound 29 was synthesized using similar condi-
tions to that described for compound 16 and was converted to
anHCl salt. IHNMR (600 MHz, DMSO-d,) d ppm 1.64-1.75
(m, 2H) 1.83-1.92 (m, 2H) 1.96-2.06 (m, 2H) 2.49-2.58 (m,
2H) 2.79 (d, J=3.81 Hz, 3H) 3.06-3.18 (m, 4H) 3.59-3.69 (m,
2H) 3.73-3.83 (m, 2H) 4.04-4.12 (m, 2H) 7.17 (br. s., 1H)
7.60-7.70 (m, 2H) 7.70-7.92 (m, 2H) 7.96 (br. s., 1H) 8.41 (br.
s., 1H) 8.98 (br. s., 1H) 10.77 (br. s., 1H). LCMS (ESI) 433
(M+H).

Compound 31

HN/\

~ LTI
e )\ N

N N N—

[0349] Compound 30 was synthesized in a similar manner
to that described for compound 16 followed by the deblock-
ing step described for compound 3 and was converted to an
HCl salt. '"H NMR (600 MHz, DMSO-d,) 8 ppm 1.64-1.75
(m, 2H) 1.84-1.92 (m, 2H) 1.96-2.05 (m, 2H) 2.48-2.56 (m,
2H) 3.22 (br. s., 4H) 3.42-3.48 (m, 4H) 3.60-3.69 (m, 2H)
4.05-4.13 (m, 1H) 7.18 (s, 1H) 7.65 (d, J=13.47 Hz, 1H)
7.70-7.77 (m, 1H) 7.94 (d, I=1.76 Hz, 1H) 8.42 (br. s., 1H)
9.00 (s, 1H) 9.15 (br. s., 2H). LCMS (ESI) 419 (M+H).

Compound 31
HN/\
k/N | Ny NP | N/
N A

[0350] Compound 31 was synthesized in a similar manner
to that described for compound 16 followed by the deblock-
ing step described for compound 3 and was converted to an
HCl salt. "H NMR (600 MHz, DMSO-d,) 8 ppm 1.76 (br. s.,
2H) 1.89 (br. s., 2H) 2.03 (br. s., 2H) 2.47-2.58 (m, 2H) 3.04
(s, 3H) 3.22 (br. s., 4H) 3.39 (br. s., 4H) 3.66 (s, 2H) 7.21 (s,
1H) 7.67 (d, I=9.37 Hz, 1H) 7.93 (br. s., 1H) 7.98-8.09 (m,
1H) 9.04 (s, 1H) 9.34 (br. s., 2H) 11.31 (br. s., 1H). LCMS
(ESI) 433 (M+H).
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Compound 32

N
\N N/ \ O
P e

N N NH
H

[0351] Compound 32 was synthesized using similar condi-
tions to that described for compound 16 and was converted to
anHClsalt. IHNMR (600 MHz, DMSO-d,) d ppm 1.66-1.77
(m, 2H) 1.84-1.94 (m, 2H) 1.96-2.08 (m, 2H) 2.48-2.57 (m,
2H) 3.36-3.52 (m, 4H) 3.60-3.80 (m, 6H) 7.21 (s, 1H) 7.53-
7.74 (m, 2H)7.86 (s, 1H) 8.02 (s, 1H) 8.45 (s, 1H) 9.03 (s, 1H)
11.19 (br. s., 1H). LCMS (ESI) 420 (M+H).

Compound 33

[0352] Compound 33 was synthesized using similar condi-
tions to that described for compound 16 and was converted to
anHClsalt. IHNMR (600 MHz, DMSO-d;) d ppm 1.65-1.79
(m, 2H) 1.85-1.95 (m, 2H) 1.97-2.08 (m, 2H) 2.47-2.54 (m,
2H) 3.40-3.58 (m, 5H) 3.65 (dd, I=21.67,5.56 Hz, 1H) 3.69-
3.78 (m, 4H) 7.24 (s, 1H) 7.97-8.17 (m, 2H) 8.48 (s, 1H) 9.08
(s, 1H) 11.81 (s, 1H). LCMS (ESI) 421 (M+H).

Compound 34

QO

[0353] Compound 34 was synthesized using similar condi-
tions to that described for compound 16 and was converted to
anHClsalt. IHNMR (600 MHz, DMSO-d,) d ppm 1.55-1.74
(m, 2H) 1.80-1.98 (m, 4H) 2.48-2.60 (m, 2H) 3.40-3.50 (m,
4H) 3.57-3.72 (m, 2H) 3.90-4.20 (m, 4H) 7.08 (s, 1H) 7.37-
7.57 (m, 2H) 7.70 (m, 2H) 8.32 (s, 1H) 8.88 (s, 1H) 9.98 (s,
1H). LCMS (ESI) 419 (M+H).
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Compound 35

[0354] Compound 35 was synthesized using similar condi-
tions to that described for compound 16 and was converted to
an HCl salt. 1H NMR (600 MHz, DMSO-d,) & ppm 1.30 (d,
J=5.27 Hz, 6H) 1.65-1.78 (m, 2H) 1.83-1.95 (m, 2H) 1.97-2.
10 (m, 2H) 2.45-2.55 (m, 2H) 3.25-3.36 (m, 1H) 3.39-3.48
(m, 4H) 3.60-3.70 (m, 4H) 3.75-4.15 (m, 2H) 7.24 (s, 1H)
7.54-7.75 (m, 2H) 7.95 (s, 1H) 8.10 (s, 1H) 8.49 (s, 1H) 9.07
(s, 1H) 11.25 (s, 1H) 11.48 (s, 1H). LCMS (ESI) 461 (M+H).

Compound 36
\(\N/\
k/N S N NWO
~ N)\N N NH

H

[0355] Compound 36 was synthesized using similar condi-
tions to that described for compound 16 and was converted to
an HCl salt. 1H NMR (600 MHz, DMSO-d) & ppm 0.99 (d,
J=6.15Hz, 6H) 1.65-1.78 (m, 2H) 1.90 (m, 2H) 1.97-2.08 (m,
2H) 2.08-2.17 (m, 1H) 2.45-2.55 (m, 2H) 2.88-3.02 (m, 2H)
3.33-3.48 (m, 4H) 3.50-3.90 (m, 6H) 7.24 (s, 1H) 7.67 (s, 2H)
7.94(s,1H)8.12 (s, 1H)8.49 (s, 1H) 9.07 (s, 1H) 10.77 (s, 1H)
11.51 (s, 1H). LCMS (ESI) 475 (M+H).

Compound 37
O
)\/N | ) NN | \_ /
I

[0356] Compound 37 was synthesized using similar condi-
tions to that described for compound 16 and was converted to
an HCl salt. 1H NMR (600 MHz, DMSO-d,) & ppm 1.13 (d,
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J=5.86 Hz, 6H) 1.66-1.77 (m, 2H) 1.84-1.94 (m, 2H) 1.97-2.
09 (m, 2H) 2.40-2.53 (m, 2H) 3.37-3.49 (m, 2H) 3.50-3.59
(m, 2H) 3.59-3.73 (m, 4H) 7.23 (s, 1H) 7.64 (m, 3H) 7.85 (s,
1H) 8.11 (s, 1H) 8.47 (s, 1H) 9.05 (s, 1H). 11.35 (br 5., 1H).
LCMS (ESI) 448 (M+H).

Compound 38
0, /\

N
A N \_ /
SPe

N N NH
H

[0357] Compound 38 was synthesized using similar condi-
tions to that described for compound 16 and was converted to
anHClsalt. IHNMR (600 MHz, DMSO-d;) d ppm 1.50-1.57
(m, 2H) 1.62-1.68 (m, 3H) 1.68-1.75 (m, 2H) 1.84-1.92 (m,
2H) 1.97-2.08 (m, 2H) 2.48-2.53 (m, 2H) 3.14-3.23 (m, 4H)
3.43-3.47 (m, 2H) 3.58-3.70 (m, 2H) 7.22 (s, 1H) 7.58-7.70
(m, 2H) 7.85-8.00 (m, 1H) 8.16 (d, 1H) 8.46 (s, 1H) 9.04 (s,
1H) 11.37 (br s., 1H). LCMS (ESI) 418 (M+H).

Compound 39
o/ﬁ
(¥
N
AN N | \ O
.
7 N N NH

=z

[0358] Compound 39 was synthesized using similar condi-
tions to that described for compound 16 and was converted to
an HCl salt. 1H NMR (600 MHz, DMSO-d,) 8 ppm 1.72 (s,
2H) 1.90 (s, 4H) 2.03 (s, 2H) 2.21 (s, 2H) 2.48-2.54 (m, 2H)
2.73 (s,2H)3.03 (s, 2H) 3.25-3.35 (m, 1H) 3.38-3.48 (m, 4H)
3.65-3.99 (m, 5H) 7.23 (s, 1H) 7.63 (d, J=9.66 Hz, 1H) 7.90
(s, 1H) 8.13 (s, 1H) 8.47 (s, 1H) 9.06 (s, 1H) 10.50 (brs., 1H).
LCMS (ESI) 503 (M+H).

Compound 40
N
N
Xy NZ | \ O
.
A N N NH

Tz
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[0359] Compound 40 was synthesized using similar condi-
tions to that described for compound 16 and was converted to
anHCl salt. IHNMR (600 MHz, DMSO-d,) d ppm 1.63-1.85
(m, 6H) 1.87-1.92 (m, 2H) 1.99-2.06 (m, 2H) 2.15-2.23 (m,
2H) 2.47-2.53 (m, 1H) 2.69-2.79 (m, 2H) 2.81-2.91 (m, 2H)
2.98-3.08 (m, 2H) 3.32-3.48 (m, 4H) 3.57-3.72 (m, 4H) 3.77-
3.85 (m, 2H) 7.22 (s, 1H) 7.60-7.68 (m, 2H) 7.90 (s, 1H) 8.07
(s, 1H) 8.46 (s, 1H) 9.04 (s, 1H). 11.41 (br s., 1H). LCMS
(ESI) 501 (M+H).

Compound 41

e

k/N | Ny NP | \_ /
7 N Sy N NH

[0360] Compound 41 was synthesized using similar condi-
tions to that described for compound 16 and was converted to
anHCl salt. IHNMR (600 MHz, DMSO-d,) d ppm 1.64-1.76
(m, 2H) 1.87-1.93 (m, 2H) 2.00-2.07 (m, 2H) 2.48-2.53 (m,
2H) 2.67-2.72 (m, 4H) 3.44-3.47 (m, 2H) 3.50-3.55 (m, 4H)
7.24 (s, 1H) 7.61 (d, J=9.37 Hz, 2H) 7.86 (d, J=2.63 Hz, 1H)
8.09(d,J=12.88Hz, 1H) 8.48 (s, 1H)9.06 (s, 1H) 11.41 (brs.,
1H). LCMS (ESI) 436 (M+H).

Compound 42
HN
N
A~ (] NWO
A N)\ N N NH
H
[0361] Compound 42 was synthesized using similar condi-

tions to that described for compound 16 and was converted to
an HCl salt. 1H NMR (600 MHz, DMSO-d) & ppm 1.29 (d,
J=6.73 Hz, 6H) 1.66-1.79 (m, 2H) 1.84-1.95 (m, 2H) 1.98-2.
09 (m, 2H) 2.46-2.55 (m, 2H) 3.29-3.39 (m, 2H) 3.58-3.70
(m, 4H) 3.77-3.86 (m, 4H) 7.24 (s, 1H) 7.66 (d, J=9.37 Hz,
1H) 7.96 (d, J=2.93 Hz, 1H) 8.08 (s, 1H) 8.48 (s, 1H) 9.06 (s,
1H) 9.28 (s, 1H) 9.67 (s, 1H) 11.36 (s, 1H). LCMS (ESI) 447
(M+H).
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Compound 43

[0362] Compound 43 was synthesized using similar condi-
tions to that described for compound 16 and was converted to
an HCl salt. 1H NMR (600 MHz, DMSO-d,) 8 ppm 1.73 (s,
2H) 1.76-1.85 (m, 2H) 1.85-1.94 (m, 2H) 1.98-2.07 (m, 2H)
2.19-2.26 (m, 2H) 2.48-2.52 (m, 1H) 2.70-2.81 (m, 4H) 3.13-
3.20 (m, 1H) 3.30-3.48 (m, 3H) 3.58-3.71 (m, 4H) 3.78-3.84
(m, 4H) 7.24 (s, 1H) 7.62 (d, J=9.37 Hz, 2H) 7.89 (d, J=1.17
Hz, 1H) 8.09-8.18 (m, 1H) 8.48 (s, 1H) 9.06 (s, 1H) 11.46 (br
s., 1H). LCMS (ESD) 519 (M+H).

Compound 44

HN N NH

P N
TMO

[0363] Compound 44 was synthesized using similar condi-
tions to that described for compound 16 followed by the
deblocking step described for compound 3 and was converted
to an HCl salt. 1H NMR (600 MHz, DMSO-d;) & ppm 1.65-
1.75 (m, 2H) 1.85-1.93 (m, 2H) 1.93-1.99 (m, 1H) 2.00-2.06
(m, 2H) 2.08-2.14 (m, 1H) 2.47-2.55 (m, 2H) 3.07-3.25 (m,
2H) 3.25-3.69 (m, 5H) 4.46 (s, 1H) 4.67 (s, 1H) 7.22 (s, 1H)
7.58-7.69 (m, 2H) 8.46 (s, 1H) 9.02 (s, 1H) 9.34 (s, 1H) 9.65
(s, 1H). LCMS (ESI) 431 (M+H).

Compound 45
/N
N
x N N WO
Ay )\ N N NH
H
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[0364] Compound 45 was synthesized using similar condi-
tions to that described for compound 16 and was converted to
anHCl salt. IHNMR (600 MHz, DMSO-d;) d ppm 1.65-1.82
(m, 3H) 1.89 (br. s., 2H) 1.98-2.08 (m, 2H) 2.13 (br. s., 2H)
2.47-2.55 (m, 2H) 2.68 (d, J=4.98 Hz, 6H) 2.71-2.80 (m, 2H)
3.29-3.71 (m, 10H) 7.16-7.26 (m, 1H) 7.67 (d, J=9.66 Hz,
2H)7.91 (d, J=2.05 Hz, 1H) 8.14 (br. s., 1H) 8.48 (br. 5., 1H)
9.05 (s, 1H) 11.14 (br. s., 1H) 11.43 (br. s., 1H). LCMS (ESI)
461 (M+H).

Compound 46

0

K/N Ny NWO
| F )\ | N

N N NH

[0365] Compound 46 was synthesized in a manner similar
to that described for compounds 2 and 3 and was recovered as
an HCI salt. The analytical data was consistent with that
described for the antipode compound 13.

Compound 47

[0366] Compound 47 was synthesized in a manner similar
to that described for compounds 2 and 3 and was recovered as
an HCI salt. The analytical data was consistent with that
described for the antipode compound 15.

Compound 48

May 22, 2014

[0367] Compound 48 was synthesized in a similar manner
to that described for compound 16 and then converted to its
hydrochloride salt. 1H NMR (600 MHz, DMSO-d,) & ppm
1.50-1.65 (m, 1H) 1.92-2.02 (m, 3H) 2.06-2.15 (m, 1H) 2.78
(d, J=3.81 Hz, 4H) 3.10-3.20 (m, 4H) 3.47-3.51 (m, 2H)
3.64-3.71 (m, 1H) 3.76-3.83 (m, 2H) 3.98-4.14 (m, 1H) 7.20
(s,2H)7.77 (s, 1H) 7.97 (s, 2H) 8.81 (s, 1H) 9.03 (s, 1H) 10.97
(brs., IH). LCMS (ESI) 419 (M+H).

Compound 49

[0368] Compound 49 was synthesized in a similar manner
to that described for compound 16 and then converted to its
hydrochloride salt. 1H NMR (600 MHz, DMSO-d,) & ppm
1.54-1.59 (m, 1H) 1.92-2.01 (m, 3H) 2.06-2.15 (m, 1H) 2.76-
2.84 (m, 1H) 3.17-3.24 (m, 6H) 3.64-3.71 (m, 2H) 4.02-4.11
(m, 2H)7.22 (s, 2H) 7.64 (s, 1H) 7.97 (s, 2H) 8.75 (s, 1H) 8.97
(s, 1H) 9.21 (s, 1H). LCMS (ESI) 405 (M+H).

Compound 50

j\o)ol\N

Biological Activity

[0369] Kinase enzymatic reactions were performed in 384-
well microplates using a 12-channel Caliper LabChip instru-
ment as a detection device. The enzymatic phosphorylation of
a peptide results in a change in net charge, enabling electro-
phoretic separation of product from substrate. As substrate
and product are separated, two peaks of fluorescence are
observed. Change in the relative fluorescence intensity of the
substrate and product peaks is the parameter measured,
reflecting enzyme activity. In the presence of an inhibitor, the
ratio between product and substrate is altered. The signal of
the product decreases, while the signal of the substrate
increases.

[0370] For the measurement of CDK2/cyclinE activity,
enzyme (0.22 nM) was incubated with 100 mM ATP and the
phosphoacceptor substrate peptide (1 mM) for one hour. For



US 2014/0142306 Al

the measurement of CDK4/CyclinD activity, enzyme (0.85
nM) was incubated with 200 mM ATP and the phosphoac-
ceptor substrate peptide (1 mM) for three hours. Potential
inhibitor compounds (as HCI salts) were tested using
12-point dose response curves in single point at the K, for
ATP. The IC,, of each compound was determined using
GraphPad Prism. Results from the IC;, values demonstrate
200 and 100 fold selectivity for compounds Compound 1 and
Compound 3 for Cdk4/CycD1 over Cdk2/CycE respectively.
Results are provided in Table 1.

TABLE 1

CDK2/cyclinE CDK4/cyelinD

Confidence Confidence
Compound ICs0 (UM) Interval 95%  ICs,(uM) Interval 95%
staurosporine 0.00393 0.000706 0.0375 0.99
Compound 1 >100 0.453 0.85
Compound 3 >100 1.05 0.78

[0371] Additional CDK2/cyclinE data is provided in Table
2. 1C,, data is as follows: A—0.001-0.010 uM; B—0.010-0.
100 uM; C—0.100-1 pM; D—1-100 uM; and E—->100 pM.
Data is also shown for known CDK4/6 inhibitor, PD0332991.

TABLE 2

CDK2/CycE

Compound # IC50(uM)

PD0332991

W
o]
slicsie el lvicvivicicleivivicisivivivivielvivivivivieiviviviviviviviviviviRviviviv)
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TABLE 2-continued

CDK2/CycE
Compound # IC50(uM)
3 E
5 E
[0372] Pharmaceutical Compositions
[0373] In one embodiment a pharmaceutical composition

comprising compounds of the invention is provided. In a first
aspect, the pharmaceutical composition further comprises
one or more pharmaceutically acceptable excipients or
vehicles, and optionally other therapeutic and/or prophylactic
ingredients. Such excipients are known to those of skill in the
art. The compounds of the present invention include, without
limitation, basic compounds such as free bases. A thorough
discussion of pharmaceutically acceptable excipients and
salts is available in Remington’s Pharmaceutical Sciences,
18th Edition (Easton, Pa.: Mack Publishing Company, 1990).
[0374] Depending on the intended mode of administration,
the pharmaceutical compositions may be in the form of solid,
semi-solid or liquid dosage forms, such as, for example, tab-
lets, suppositories, pills, capsules, powders, liquids, suspen-
sions, creams, ointments, lotions or the like, preferably in unit
dosage form suitable for single administration of a precise
dosage. The compositions will include an effective amount of
the selected drug in combination with a pharmaceutically
acceptable carrier and, in addition, may include other phar-
maceutical agents, adjuvants, diluents, buffers, etc.

[0375] The invention includes a pharmaceutical composi-
tion comprising a compound of the present invention includ-
ing isomers, racemic or non-racemic mixtures of isomers, or
pharmaceutically acceptable salts or solvates thereof together
with one or more pharmaceutically acceptable carriers and
optionally other therapeutic and/or prophylactic ingredients.
[0376] For solid compositions, conventional nontoxic solid
carriers include, for example, pharmaceutical grades of man-
nitol, lactose, starch, magnesium stearate, sodium saccharin,
talc, cellulose, glucose, sucrose, magnesium carbonate and
the like.

[0377] For oral administration, the composition will gen-
erally take the form of a tablet, capsule, a softgel capsule
nonaqueous solution, suspension or syrup. Tablets and cap-
sules are preferred oral administration forms. Tablets and
capsules for oral use will generally include one or more
commonly used carriers such as lactose and corn starch.
Lubricating agents, such as magnesium stearate, are also
typically added. When liquid suspensions are used, the active
agent may be combined with emulsifying and suspending
agents. If desired, flavoring, coloring and/or sweetening
agents may be added as well. Other optional components for
incorporation into an oral formulation herein include, but are
not limited to, preservatives, suspending agents, thickening
agents and the like.

[0378] The pharmaceutical composition or combination of
the present invention can be in unit dosage of about 1-1000
mg of active ingredient(s) for a subject of about 50-70 kg, or
about 1-500 mg or about 1-250 mg or about 1-150 mg or
about 0.5-100 mg, or about 1-50 mg of active ingredients. The
therapeutically effective dosage of a compound, the pharma-
ceutical composition, or the combinations thereof, is depen-
dent on the species of the subject, the body weight, age and
individual condition, the disorder or disease or the severity
thereof being treated. A physician, clinician or veterinarian of
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ordinary skill can readily determine the effective amount of
each of the active ingredients necessary to prevent, treat or
inhibit the progress of the disorder or disease.

[0379] All publications and patent applications cited in this
specification are herein incorporated by reference as if each
individual publication or patent application were specifically
and individually indicated to be incorporated by reference.
[0380] Although the foregoing invention has been
described in some detail by way of illustration and example
for purposes of clarity of understanding, it will be readily
apparent to one of ordinary skill in the art in light of the
teachings of this invention that certain changes and modifi-
cations may be made thereto without departing from the spirit
or scope of the invention as defined in the appended claims.

1. A compound of the structure:

RA XQX P o
T~
AN\ N N N—R,

or a pharmaceutically acceptable salt thereof, wherein:

Ris H or CH;;

each X is independently CH or N;

R?is -(alkylene),, -heterocyclo, -(alkylene), , -heteroaryl, or
-(alkylene), -NR>R*, -any of which may be optionally
independently substituted with one or more R™ groups as
allowed by valance, and wherein two R* groups bound to
the same or adjacent atom may optionally combine to
form a ring and wherein m is O or 1;

R? and R* at each occurrence are independently:

(1) hydrogen or

(ii) alkyl, cycloalkyl, heterocyclo, aryl, heteroaryl,
cycloalkylalkyl, heterocycloalkyl, arylalkyl, or het-
eroarylalkyl any of which may be optionally indepen-
dently substituted with one or more R™ groups as allowed
by valance, and wherein two R* groups bound to the
same or adjacent atom may optionally combine to form
aring; or R® and R* together with the nitrogen atom to
which they are attached may combine to form a hetero-
cyclo ring optionally independently substituted with one
or more R* groups as allowed by valance, and wherein
two R* groups bound to the same or adjacent atom may
optionally combine to form a ring;

R® and R** at each occurrence is:

(1) hydrogen or

(ii) alkyl, alkenyl, alkynyl, cycloalkyl, heterocyclo, aryl,
heteroaryl, cycloalkylalkyl, heterocycloalkyl, arylalkyl,
or heteroarylalkyl any of which may be optionally inde-
pendently substituted with one or more R* groups as
allowed by valance;

R™ at each occurrence is independently, halo, cyano, nitro,
oxo, alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalk-
enyl, heterocyclo, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl, heterocycloalkyl, -(alkylene), -OR?>, -(alky-
lene),,-O-alkylene-OR>, -(alkylene), -S(0),—R>, -(alky-
lene), -NR®R*, -(alkylene),-CN, -(alkylene), -C(O)—R>,
-(alkylene), -C(S)—R®, -(alkylene),,-C(O)—OR®, -(alky-
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lene),,-O—C(O)—R?, -(alkylene),,-C(S)—OR?>, -(alkylene)
-C(0)-(alkylene), -NR*R*,  -(alkylene),, -C(S)—NR>R*,
-(alkylene), -N(R*)—C(O)—NR>R*, -(alkylene), -N(R>)—
C(S)—NR’R*, -(alkylene), -N(R*)—C(0)—R?>, -(alkylene)
~NRH—C(S)—R>, ~(alkylene), -O—C(0)—NR’R?,
-(alkylene), -O—C(S)—NRR?, -(alkylene), -SO,—
NR’R?*, -(alkylene),,-N(R*)—S0O,—R’, -(alkylene),,-N
(R*)—S0O,—NR?R?*,  -(alkylene),,-N(R*)—C(0)—OR®)-
(alkylene), -N(R*)—C(S)—OR’, or -(alkylene), -N(R*)—
SO,—R?’; wherein:
said alkyl, haloalkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, heterocyclo, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, cycloalkylalkyl, and heterocycloalkyl
groups may be further independently substituted with
one or more -(alkylene), -CN, -(alkylene),-OR’*,
-(alkylene) ,-S(0),—R>*, -(alkylene), -NR**R**,
-(alkylene), -C(O)—R>*, -(alkylene), -C(=S)R’*,
-(alkylene),,-C(=0)OR’*, -(alkylene), -OC(=0)R>*,
-(alkylene),,-C(S)—OR>*, -(alkylene),,-C(O)—
NR**R**, -(alkylene),,-C(S)—NR>**R**, -(alkylene), -
N(R>*)—C(0)—NR**R**  -(alkylene), -N(R>*)—C
(S)—NR**R**  _(alkylene), -N(R**)—C(0)—R>*,
-(alkylene),, -N(R**)—C(S)—R’*, -(alkylene), -O—C
(O)—NR**R**,  (alkylene), -O—C(S)—NR**R**,
-(alkylene),, -SO,—NR>*R** -(alkylene), -N(R>*)—
SO,—R>*,  -(alkylene),,-N(R*>*)—S0O,—NR>*R**,
-(alkylene),, -N(R>**)—C(0)—OR>*,  -(alkylene),,-N
(R**)—C(S)—OR>*, or -(alkylene), -N(R**)—S0,—
R>*,
nis 0, 1or2, and
m is O or 1; and
R** and R** at each occurrence are independently:
(1) hydrogen or
(i) alkyl, alkenyl, alkynyl cycloalkyl, heterocyclo, aryl,
heteroaryl, cycloalkylalkyl, heterocycloalkyl, arylalkyl,
or heteroarylalkyl any of which may be optionally inde-
pendently substituted with one or more R* groups as
allowed by valance; or R>* and R** together with the
nitrogen atom to which they are attached may combine
to form a heterocyclo ring optionally independently sub-
stituted with one or more R™ groups as allowed by val-
ance.
2. The compound of claim 1, wherein both of X are N.

3. The compound of claim 1, wherein one X is N and one X
is CH.

4. The compound of claim 1, wherein R? is -(alkylene) -
heterocyclo or -(alkylene),,-NR>R*, any of which may be
optionally independently substituted with one or more R*
groups as allowed by valance, and wherein two R™ groups
bound to the same or adjacent atom may optionally combine
to form a ring.

5. The compound of claim 1, wherein R? is selected from
the structures of FIG. 1.

6. The compound of claim 1, wherein R is

—RZ*@<Rxl>,
wherein:

R>" is a bond, alkylene, or -(alkylene),,-NH-(alkylene) , -
wherein each m is independently 0 or 1;
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P is a 4- to 8-membered mono- or bicyclic saturated het-
erocyclyl group;

each R™ is independently -(alkylene),,-(C(O)),,-(alky-
lene), -(N(R™)), -(alkyl), wherein each m is indepen-
dently 0 or 1 provided at least one m is 1, —(C(O))—
O-alkyl, -(alkylene),,-cycloalkyl wherein m is O or 1,
—NRM)-cycloalkyl, —C(O)-cycloalkyl, -(alkylene),, -
heterocyclyl wherein m is O or 1, or —N(R™)-heterocy-
clyl, —C(O)-heterocyclyl, —S(O),-(alkylene),,
wherein:

RYisH, C, to C, alkyl or C, to C, heteroalkyl, and

wherein two R*! can, together with the atoms to which they
attach on P, which may be the same atom, form a ring;
and

tis 0, 1 or 2.

7. The compound of claim 6, wherein R? is

R )

wherein P* is a 4- to 8-membered mono- or bicyclic saturated
heterocyclyl group.
8. The compound of claim 6, wherein R? is

—R*—N NH

\_/\I(R“),.

9. The compound of claim 7, wherein R* is

—R*—N N—R

10. The compound of claim 6, wherein each R*' is only
optionally substituted by C,-C, alkyl, halogen or hydroxy.
11. The compound of claim 7, wherein each R* is only
optionally substituted by C,-C, alkyl, halogen or hydroxy.
12. The compound of claim 8, wherein each R* is only
optionally substituted by C,-C, alkyl, halogen or hydroxy.
13. The compound of claim 9, wherein each R*' is only
optionally substituted by C,-C, alkyl, halogen or hydroxy.
14. The compound of claim 1, wherein R? is

wherein:

R>" is a bond, alkylene or -(alkylene), -NH-(alkylene), -
wherein each m is independently 0 or 1;

P is a 4- to 8-membered mono- or bicyclic saturated het-
erocyclyl group;

P1 is a 4- to 6-membered monocyclic saturated heterocy-
clyl group;

each R* is independently hydrogen or alkyl; and

sis 0, 1 or 2.
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15. The compound of claim 14, wherein R? is

16. The compound of claim 1, wherein R* is not further
substituted.

17. The compound of claim 6, wherein R?" is alkylene or
-(alkylene)m-NH-(alkylene)m- wherein each m is indepen-
dently O or 1, and wherein any alkylene is not further substi-
tuted.

18. The compound of claim 7, wherein R?" is alkylene or
-(alkylene)m-NH-(alkylene)m- wherein each m is indepen-
dently O or 1, and wherein any alkylene is not further substi-
tuted.

19. The compound of claim 8, wherein R>" is alkylene or
-(alkylene)m-NH-(alkylene)m- wherein each m is indepen-
dently O or 1, and wherein any alkylene is not further substi-
tuted.

20. The compound of claim 9, wherein R?” is alkylene or
-(alkylene)m-NH-(alkylene)m- wherein each m is indepen-
dently O or 1, and wherein any alkylene is not further substi-
tuted.

21. The compound of claim 10, wherein R*" is alkylene or
-(alkylene)m-NH-(alkylene)m- wherein each m is indepen-
dently O or 1, and wherein any alkylene is not further substi-
tuted.

22. The compound of claim 11 wherein R>" is alkylene or
-(alkylene)m-NH-(alkylene)m- wherein each m is indepen-
dently O or 1, and wherein any alkylene is not further substi-
tuted.

23. The compound of claim 12 wherein R?" is alkylene or
-(alkylene)m-NH-(alkylene)m- wherein each m is indepen-
dently O or 1, and wherein any alkylene is not further substi-
tuted.

24. The compound of claim 13, wherein R*" is alkylene or
-(alkylene)m-NH-(alkylene)m- wherein each m is indepen-
dently O or 1, and wherein any alkylene is not further substi-
tuted.

25. The compound of claim 14, wherein R?” is alkylene or
-(alkylene)m-NH-(alkylene)m- wherein each m is indepen-
dently O or 1, and wherein any alkylene is not further substi-
tuted.

26. The compound of claim 15 wherein R>" is alkylene or
-(alkylene)m-NH-(alkylene)m- wherein each m is indepen-
dently O or 1, and wherein any alkylene is not further substi-
tuted.

27. The compound of claim 4, wherein the alkylene in R* is
methylene.

28. The compound of claim 6, wherein the alkylene in R* is
methylene.

29. The compound of claim 14, wherein the alkylene in R*
is methylene.

30. The compound of claim 1, wherein R is -(alkylene)m-
heterocyclo or -(alkylene)m- heteroaryl,

R is hydrogen, and,

X is independently CH or N.

31. The compound of claim 30, wherein R? is -(alkylene)
m-heterocyclo.

32. The compound of claim 30, wherein m is 0.

33. The compound of claim 31, wherein m is 0.

34. The compound of claim 30, wherein m is 1.
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35. The compound of claim 31, wherein m is 1.

36. The compound of claim 30, wherein the heterocyclo is
not substituted.

37. The compound of claim 31, wherein the heterocyclo is
not substituted.

38. The compound of claim 1, wherein R is

O

39. The compound of claim 1, wherein R is
_NCN__

40. The compound of claim 1, wherein R? is

HN N

41. The compound of claim 1, wherein R' is H.

#* #* #* #* #*
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